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O milho roxo (Zea Mays L.) é um cereal nativo do Peru e amplamente exportado para 
os mercados dos Estados Unidos, Ásia e Europa. É conhecido mundialmente por ter 
um alto teor de antocianinas e outros compostos fenólicos encontrados principalmente 
no sabugo, o que o torna num antioxidante natural que previne o dano oxidativo das 
células, produzidas pelos radicais livres. A extração destes compostos é feita usando 
misturas de solventes, temperaturas e tempos convenientes. Porém, em processos 
convencionais, o uso de grandes quantidades de solventes, a sua baixa seletividade, 
os altos tempos de extração e a possível decomposição dos compostos são 
apresentados como desvantagens. Isto tem gerado grande interesse no estudo de 
métodos de extração que usam tempos mais curtos e menor quantidade de solventes.
  Neste contexto, as tecnologias emergentes, tais como altas pressões, são 
mostradas como métodos promissores para a extração deste tipo de compostos 
bioativos. O objetivo deste estudo foi avaliar o efeito da alta pressão isostática e da 
alta pressão dinâmica sobre o conteúdo de compostos bioativos em extratos de 
sabugo de milho roxo. Os resultados mostraram que os extratos obtidos  por alta 
pressão isostática a 650 MPa / 45 ° C / 3 minutos, e por alta pressão dinâmica 60 MPa 
/ 45 ° C apresentou 26% e 53%, respectivamente, mais teor de compostos bioativos 
que os extratos processados por maceração estática a 2,5 horas / 45 ° C. Além disso, 
o processo isostático a 450 MPa / 45 ° C / 3 minutos e o processo dinâmico a 40 MPa 
/ 45 ° C foram suficientes para obter extratos com o mesmo conteúdo de compostos 
bioativos que o processo convencional de 2,5 horas / 65 ° C. Os valores da atividade 
antioxidante dos extratos processados a 650 MPa / 65 ° C / 3 minutos, (880,66 TE mM 
/ g de peso seco) e 60 MPa / 45 ° C (TE 704,07 mM / g de peso seco) foram maiores, 
de acordo com o método FRAP, do que o processo convencional a 2,5 horas / 65 ° C 
(676,75 μM TE / g de peso seco). Além disso, o teor de compostos fenólicos nos 
extratos apresentou alto coeficiente de relação (r> 0,8) com a atividade antioxidante. 
Na identificação de antocianinas por cromatografia líquida de ultra desempenho 
acoplado a massa, o processo isostático a 650 MPa / 65 ° C / 3 minutos, o processo 
dinâmico a 60 MPa / 45 ° C e o processo convencional a 2,5 horas / 65 °C, mostraram 
sete diferentes antocianinas, principalmente cianidina‐3‐glucosídeo, pelargonidina‐3‐
glucosídeo, peonidina‐3‐glucosídeo e seus respectivos derivados malonil. A 
tecnologia de alta pressão dinâmica mostrou ser a mais eficiente na extração de 
 
 
compostos bioativos do sabugo de milho roxo comparado às outras tecnologias. A 
aplicação desta tecnologia é apresentada como uma alternativa para obter compostos 
bioativos de tecidos vegetais e superar as limitações que existem em outras 
tecnologias convencionais de extração. 
Palavras-Chave: Milho roxo; compostos bioativos; alta pressão isostática; alta 
pressão dinâmica; antocianinas; compostos fenólicos; atividade antioxidante; 























Purple corn (Zea Mays L.) is a cereal native of Peru and widely exported to the markets 
of United States, Asia and Europe. It is known worldwide for having a high total 
anthocyanin content and other phenolic compounds found mainly in the cob, which 
make it a natural antioxidant that prevents the oxidative damage of cells produced by 
free radicals. The extraction of these compounds is carried out using solvent mixtures, 
temperatures and convenient times. However, in conventional processes, the use of 
large amounts of solvents, their low selectivity, the high extraction times and the 
possible decomposition of the compounds are presented as disadvantages. This has 
generated great interest in the study of extraction methods that use shorter times and 
fewer solvents. In this framework, emerging technologies such as high pressure are 
shown as promising methods for the extraction of this type of bioactive compounds. 
The objective of this study was to evaluate the effect of high isostatic pressure and 
dynamic high pressure on the content of bioactive compounds in purple corn cob 
extracts. The results showed that the extracts processed by high isostatic pressure at 
650 MPa / 45 ° C / 3 minutes and by high dynamic pressure at 60 MPa / 45 ° C 
presented 26% and 53%, respectively, more content of bioactive compounds than the 
extracts processed by static maceration at 2.5 hours / 45 ° C. In addition, the isostatic 
process at 450 MPa / 45 ° C / 3 minutes and the dynamic process at 40 MPa / 45 ° C 
were sufficient to obtain extracts with the same content of bioactive compounds as the 
conventional process at 2.5 hour / 65 ° C. The antioxidant activity values of the extracts 
processed at 650 MPa / 65 ° C / 3 minutes (880.66 μM TE / g dry weight) and 60 MPa 
/ 45 ° C (704.07 μM TE / g dry weight) were higher, according to the FRAP method, 
than the conventional process at 2.5 hours / 65 ° C (676.75 μM TE / g dry weight). In 
addition, the content of phenolic compounds in the extracts showed a high correlation 
coefficient (r> 0.8) with the antioxidant activity. In the identification of anthocyanins by 
ultra-performance liquid chromatography coupled to MS, the isostatic process at 650 
MPa / 65 ° C / 3 minutes, the dynamic process at 60 MPa / 45 ° C) and the conventional 
process at 2.5 hours/65°C showed seven different anthocyanins, mainly cyanidin‐3‐
glucoside, pelargonidin‐3‐glucoside, peonidin‐3‐glucoside and their respective malonyl 
derivatives. Dynamic high pressure was the most efficient in the extraction of bioactive 
compounds from the purple corn cob in comparison with the other technologies. The 
application of this technology is presented as an alternative to obtain bioactive 
 
 
compounds from plant tissues and overcome the limitations that exist in other 
conventional extraction technologies. 
Keywords: Purple corn; bioactive compounds; high isostatic pressure; dynamic high 
pressure; anthocyanin; phenolic compounds; antioxidant activity; ultra-performance 
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The Peruvian Andes have a great variety of corn, being white corn and 
purple corn, the most known and important in the international market (MANRIQUE, 
1997, MINAGRI, 2018). Purple corn (Zea Mays L.), unlike white corn, has a great 
potential in the food and pharmaceutical industry, due to its high content of bioactive 
compounds that, according to research carried out, increase cardiac health and can 
act as anticancer, anti-inflammatory, antidiabetic and anti-obesity (ALARCON, 2015, 
HAGIWARA et al., 2001, TSUDA et al., 2003, ARROYO et al., 2008, ARROYO et al., 
2007). 
Like most bioactive compounds present in plant materials, such as those of 
purple corn, are extracted by aqueous and / or alcoholic solvents that allow obtaining 
extracts with high contents of these compounds, which individually or in combination 
can benefit the health of people (HAMINIUK et al., 2012). The purple corn extracts are 
elaborated from the cob and/or grain pericarp, although it is in the cob, the highest 
content of bioactive compounds. Its high content is due to the fact that it acts as a 
source of nitrogen reserve, which biosynthesize and accumulate in the form of phenolic 
acids and anthocyanins, necessary for the development and growth of grains 
(SEEBAUER et al., 2004). However, in the scientific literature there are studies 
conducted mainly to the grain since it also allows to obtain starches and balanced feed 
derivatives for animals due to its high carbohydrate content (76.9%) (ARIAS, 1958). 
In the commercial extracts of purple corn, phenolic compounds such as 
cyanidin dimers and mono- and di-glycosylated derivatives of cyanidin, pelargonidin 
and peonidin can be found (PASCUAL TERESA et al., 2002; SCHWARTZ et al., 2003). 
In the literature there are no defined parameters for the preparation of the 
commercial extract, however, the type of solvent and the conventional method used 
are known (MANRIQUE, 1995, ARROYO et al., 2008). Most of these conventional 
methods have the disadvantage of consuming considerable amounts of energy and 
solvents, in addition to causing degradation of the bioactive compounds (IVANOVIC et 
al., 2014). Thus, the application of "green technologies" such as high-pressure 
technologies can replace conventional methods and achieve a better extraction of 
bioactive compounds from plant materials because these do not cause effects on their 
nutritional and sensorial quality (HUANG et al., 2013; BARBA et al., 2015; RASTOGI 





Research conducted by Saikaew et al. (2018), Shin et al. (2010), 
Velázquez-Estrada et al. (2009), Xi et al. (2009), Corrales et al. (2008) and Xi (2006) 
in the extraction of bioactive compounds, such as polyphenols from purple corn grain, 
ginsenosides from Panax Ginseng, carotenoids in orange juice, polyphenols from 
green tea, anthocyanins from grape skin and lycopene in tomato sauce, respectively, 
demonstrated the use of high isostatic pressure as a potential alternative technology 
for the extraction. 
Therefore, in this study two high pressure technologies were evaluated, high 
isostatic pressure (HIP) and dynamic high pressure (DHP), as alternatives to the 
conventional extraction method and subsequently the content of bioactive compounds 
was evaluated in the extracts of purple corn cob obtained by these processes. 
The independent variables were pressure and temperature, keeping 
constant: the type of solvent, its concentration and the solid: solvent ratio. The 
dependent variables evaluated were: color, content of anthocyanins, content of 
phenolic compounds, antioxidant activity and identification of anthocyanins. All the 


























To evaluate the effect of high isostatic pressure and dynamic high pressure 




-To evaluate the effect of the variation of the high isostatic pressure on the 
content of anthocyanins, content of phenolic compounds, color and antioxidant activity 
in purple corn cob extracts. 
 
-To evaluate the effect of the variation of dynamic high pressure on the 
content of anthocyanins, content of phenolic compounds, color and antioxidant activity 
in purple corn cob extracts. 
 
-Evaluate purple corn cob extracts obtained by static maceration 
(conventional method).  
 
-Identify the anthocyanins by ultra-performance liquid chromatography 
coupled to MS in purple corn cob extracts obtained by high isostatic pressure, by 



















3.1.Peruvian Purple Corn 
The purple corn (Zea Mays L.) is native to the Peruvian Andes and therefore 
can adapt to different areas, mainly the mountains and the coast. The crop is warm 
climate, tolerant to pests and altitudes between 1000 and 3000 meters above mean 
sea level, which contribute to its optimal production (INIA, 2007, RISCO, 2007, 
BORNILLA, 2009). 
The purple corn plant presents purple stem and leaves (Figure 1), and it 
measures approximately 165 cm high. Each plant of purple corn develops three ears 
and each ear is conformed of cob and grains. The cob measures 15-20 cm and the 
grains measure 11-13 mm long and 5.6-6.2 wide (MINAGRI, 1988). Figure 1 shows 










Figure 1: purple corn Plant (Zea Mays L.) 
Source: Inkanat, 2018. 
 
Peru has around 50 varieties of corn, of which the Cuzco-type white corn 
and the purple corn are the most representative and consumed (MINAM, 2014, INEI, 
2013, MINAGRI, 2012). Purple corn has been widely cultivated for thousands of years 
and in pre-Columbian times was considered a sacred food (LAO et al., 2017, GUILLÉN 
et al., 2014, ORTIZ, 2013). So much was its importance that the Inca culture 
represented it in ceremonial vessels (RAMOS-ESCUDERO et al., 2012). Figure 2a 














Figure 2: a) Vessel in the shape of corn b) Vessel in the shape of a bird with corn 
Source: Museo Larco-Lima, 2010. 
 
Purple corn is consumed throughout the Andean region of South America, 
such as Ecuador, Bolivia, Argentina and Peru (LAO et al., 2017). In Peru, it is prepared 
in the form of dessert and drink, highly nutritious, called "Mazamorra Morada" and 
"Chicha Morada", respectively (RAMOS-ESCUDERO, 2012). These can be seen in 








Figure 3: a) Mazamorra Morada b) Chicha Morada 
Source: Cancer.VgTM, 2014. 
 
There are five natural types of Peruvian purple corn, the Cuzqueño, the 
Canteño, the purple of Caraz, the Arequipeño and the Negro de Junín. In addition, 
there are two improved varieties, PMV-581 and PMV-582 (UGAS, 2002, PÉREZ, 
2014). The most commercial variety of purple corn is of the Canteño type and the 







to the presence of bioactive compounds, mainly phenolic compounds that reduce the 
oxidative stress of human cells. (MANRIQUE, 1995 cited by ALARCON, 2015).} 
 
3.1.1.Peruvian export of purple corn in fresh and processed 
Peruvian exports made in the last three years, both for fresh purple corn 
and its processed form (anthocyanin pigments) show its great popularity and 
consumption abroad. 
The fresh purple corn is exported as whole ear and the purple corn 
anthocyanins are exported in the form of dry and / or liquid extracts.  
Exports in FOB value for fresh purple corn between 2016 and 2017 
increased by 30% and if compare the FOB values obtained from exports between April 
2017 and April 2018, there was a decrease of 7% (AGRODATAPERU, 2018, SIICEX, 
2017). 
For exports of purple corn anthocyanins, the FOB values between 2016 and 
2017 decreased by 29%. However, when comparing the FOB values obtained from 
exports between August 2017 and August 2018, the increase was 32% 
(AGRODATAPERU, 2018, SIICEX, 2017). This increase in purple corn anthocyanin 
exports is due to the increasing number of studies that support the benefits of purple 
corn, generating greater attention not only to scientists but also to markets mainly 
related to the nutraceutical industry, for manufacturing prepared products for the food 
industry, drugs and cosmetics, among others (PROEXPANSION, 2016). 
 It should be noted that, internationally, purple corn may also be sold as 
cobs and / or grains, separately. 
3.1.2.Chemical composition of Purple Corn 
The purple corn grain presents a high content of carbohydrates (76.9%) and 
proteins (6.7%) while the cob has a high content of fiber (24.01%) and approximately 
20% less carbohydrates than grain (57.4%) (COLLAZOS, 1962 and FERNADEZ, 1995 
cited by JUSTINIANO, 2010). The composition of the grain and cob of purple corn are 



















Source: Collazos, 1962 and Fernadez, 1995 (cited by Justiniano, 2010) 
 
The purple corn also presents appreciable quantities of anthocyanins, 
flavonoids belonging to the group of phenolic compounds, being found in greater 
proportion in the cob (610.9 mg of anthocyanins/100 g) and in smaller proportion in the 
grain (51.9 mg of anthocyanins/100 g) (ARAUJO, 1995 cited by SOTO, 2014). It should 
be considered that the content of these phenolic compounds can vary according to the 
genotype (SALINAS et al., 2013) and production environment (JING et al., 2007). 
Many scientists believe that the development of purple color is attributed to the 
environment, soil, water and climate of Peru, since it loses its intense purple color when 
planted in other countries (GORRITI et al., 2009b; YANG et al., 2009; MENDOZA-
MENDOZA et al., 2017).  
Among its chemical components can also be found: vitamins, salicylic acid, 
fats, resins, saponins, potassium and sodium salts, sulfur and phosphorus (AI & JANE, 
2016, ARROYO et al., 2010). 
Numerous health benefits are achieved by ingesting foods that contain 
phenolic compounds because these prevent oxidative stress or cell mutation that 
produce diseases such as congestive heart failure, hypertension, obesity, cancer of 
the colon, esophagus, lung, liver and skin, rupture of aneurysm and renal lesions 
(YANG et al., 2009; LOPEZ-MARTINEZ et al., 2009; GARCÍA-ALONSO et al., 2004; 
PEDRESCHI & CISNEROS, 2007; ARROYO et al., 2007). 
 
 
COMPONENT GRAIN (%) COB (%) 
Moisture 11.4 11.2 
Protein 6.7 3.74 
Fat 1.5 0.32 
Fiber 1.8 24.01 
Ashes 1.7 3.29 





3.1.3.Bioactivity of purple corn 
The bioactive compounds present in purple corn, such as anthocyanins, 
phenolic acids and/or flavonoids, are widely distributed in the plant kingdom 
(PEDRESCHI & CISNEROS-ZEVALLOS, 2007). These compounds have a beneficial 
influence on the cellular activity and the physiological mechanisms of the human being 
(BIESALSKI et al., 2009). 
Previous work on purple corn bioactivity has focused mainly on its extracts 
(FOSSEN et al., 2001). Hagiwara et al. (2001) showed that oral administration at a 
dietary level of 5.0% for 36 weeks of a commercial extract of purple corn (20.5% 
concentration of anthocyanins) had an inhibitory effect on colorectal carcinogenesis in 
male laboratory rats and Tsuda et al. (2003), demonstrated that oral administration of 
a high-fat diet combined with the consumption of a commercial extract of purple corn 
(approximately 70% cyanidin 3-glucoside) for 12 weeks was a powerful ally in the fight 
against obesity and diabetes due to the fact that the extract increased the activity of a 
gene that regulates function in fat cells and did not increase insulin in laboratory rats. 
In other studies, Arroyo et al. (2008) showed that the oral administration 
during 25 days of the atomized hydro alcoholic extract of purple corn cob (macerated 
for eight days in a hydro alcoholic solution, filtered and atomized) reduced in 
hypertensive rats, the arterial blood pressure values, obtaining a reduction of 20.1%. 
The same authors used this diet in hyper cholesterolemic rats, achieving a reduction 
in the total cholesterol content of 21.5% (ARROYO et al., 2007). 
Xu et al. (2004), showed that cyanidin 3-glucoside present in a commercial 
extract of purple corn (96% purity), acted as a natural activator of the regulatory 
enzyme of cardiovascular homeostasis. This enzyme promoted the formation of nitric 
oxide that controls blood pressure and platelet aggregation. The authors suggest that 
the protective effects of these phenolic compounds in the cells can prevent 
arteriosclerosis and hypertension. 
3.1.4. Anthocyanins and other phenolic compounds  
In the plant kingdom anthocyanins are important pigments which occupy the 
second place, after the chlorophyll and before the carotenes (HARBORNE & 
GRAYER, 1988). They are highly soluble in water and in hydroalcoholic mixtures, 
visible to the eye of the human being and responsible for the red-blue color in 





due to their glucosidic bond with carbohydrate molecules such as glucose, galactose, 
xylose, rhamnose, arabinose, rutinose, sophorose and gentobiose (GARZON, 2008). 
The structural variations of the anthocyanins result in six types of anthocyanidins; 









Figure 4: Structure of Anthocyanin 
 
Table 2: Substituents of anthocyanins 
Source: Durst and Wrolstad, 2001. 
 
In foods of plant origin can be found in acylated form, linked to carbohydrate 
molecules, and non-acylated, linked to carbohydrate residues with organic acids such 
as malonic acid, acetic acid or oxalic acid, which produce effects on the tone of 
anthocyanins and consequently in foods (STINTZING et al., 2002). 
In purple corn, the types of anthocyanins present in greater proportion are 






Pelargonidin H H 494 (orange) 
Cyanidin OH H 506 (orange-red) 
Peonidin OCH3 H 506 (orange-red) 
Petunidin OCH3 OH 508 (blue-red) 
Delfidin OH OH 508 (blue-red) 





those found in a lesser proportion are peonidin 3- (6'-malonylglucoside), pelargonidin 
3-glucoside and pelargonidin 3- (6'-malonyl glucoside) (AOKI et al., 2002).  
In a study conducted by PASCUAL-TERESA et al. (2002) and SCHWARTZ 
et al. (2003) revealed the presence of mono glycosides and di-glycosides of cyanidin, 
peonidin and pelargonidin in a commercial extract of purple corn. These results are 
shown in table 3. 
 











(*) RA: Relative abundance 
Source: Pascual-Teresa et al., 2002 (cited by Gorriti et al., 2009b) 
 
Apart from anthocyanins, other phenolic compounds present in purple corn 
may be mentioned, these are phenolic acids and flavonoids, secondary metabolites 
that are quantified in the measurement of total phenols together with other compounds 
of phenolic nature (CARMONA-CORDOVA, 2016; AUBER & CHALOT, 2018). 
Phenolic acids are organic acids that are considered non-flavonoids and 
include vanillic, p-hydroxybenzoic, protocatechuic and ferulic acids, and the flavonoids 
are compounds classified according to their chemical structure that include flavones, 
flavonols, flavanones, catechins, anthocyanidins, isoflavones, among others (ROSS & 
KASUM, 2002; ABE et. al., 2007; BIANCHI et. al., 1999). 
Phenolic acids and flavonoids in purple corn are usually recovered with 
organic solvents such as alcohol, acetone and methanol (MOORE, 2005; ŽILIĆ, 2012, 
RAMOS-ESCUDERO et al., 2012) and can be identified by liquid chromatographic 














mass spectrometry (PEDRESCHI and CISNEROS-ZEVALLOS 2006, 2007, RAMOS-
ESCUDERO et al., 2012; ŽILIĆ et al., 2012). 
RAMOS-ESCUDERO et al. (2012) identified by liquid chromatography 
(HPLC) three phenolic acids and five flavonoids in an extracted purple corn obtained 
by solvent methanol: water (80:20) and acidified with 1% HCl (0.1 N). The profile of 
phenolic acids and flavonoids in purple corn are shown in Table 4. 
 
Table 4: Profile of phenolic acids in purple corn 
Compound Concentration (mg/ kg of sample) 
Chlorogenic acid 10.5 
Caffeic acid 38.1 






Source: Ramos- Escudero et al., 2012 
 
Pedreshi and Cisneros-Zevallos (2007) quantified by liquid 
chromatographic (HPLC) other phenolic acids present in a commercial extract of 
purple corn and found: protocatechuic acid (14.61 mg / g EAF), vanillic acid (8.46 mg 
/ g EAF) and traces of p-coumaric acid that were derived from flavonoid quercetin 
(20.04 mg / g EAF) and hydroxycinnamic acid (14.69 mg / g EAF) in ethyl acetate 
fraction (EAF). 
Montilla et al. (2011) also reported values of p-coumaric acid and content of 
ferulic acid in Bolivian purple corn variety Kulli, these values were 607.5 and 154.2 mg 
/ 100 g dry weight, respectively. A more recent study in Mexican purple corn, showed 
that ferulic acid is the most abundant phenolic acid (39.9 mg / kg dry weight for native 
and 33.3 mg / kg dry weight for hybrid corn), followed by di-ferulic acid and coumaric 
acid (URIAS-LUGO et al., 2015). 
Žilić et al. (2012) reported that the total content of flavonoids in purple corn 





reported average values of flavonoids and flavanols in hydroalcolic extracts of purple 
corn of 1.94 g routin equivalents / Kg sample and 0.41 g routin equivalents / Kg sample, 
respectively. These compounds are the most commonly recovered and reported 
flavonoids of purple corn during extraction (KIM et al., 2013). 
 
3.2. Conventional technologies for the extraction of bioactive compounds in 
plant materials 
The most commonly used methods for the extraction of bioactive 
compounds are conventional extraction methods such as maceration and leaching, in 
which solvents and the application of heat and / or agitation mechanisms are used 
(AZMIR et al., 2013). 
Maceration is an ancient technique that was mainly used to obtain essential 
oils and bioactive compounds. The process consists in the immersion of the plant 
material in a tank that contains solvent, to be left to rest at room temperature and for a 
certain time (AZMIR et al., 2013). These plant materials that are submerged in the 
solvent are previously subjected to a grinding process in order to obtain fine particles 
and thus increase the surface area of contact with the solvent. This contact aims to 
soften and break the cell wall of plant material and thus release the bioactive 
compounds. After this, the liquid obtained is filtered and the solid residue is pressed to 
recover more compounds and achieve a higher yield (HANDA et al., 2008). 
The best results for maceration in the extraction of bioactive compounds 
from purple corn were obtained by Gorriti et al. (2009a) using purple corn cob 
macerated with 20% ethanol solution acidified to pH 2 in solid ratio: liquid of 1:80 at 
90°C/120 minutes and by Alarcon (2015) using purple corn cob macerated under 
permanent agitation with 20% ethanol solution acidified to pH 3 in solid ratio: liquid of 
1:3 at 70°C/50 minutes. The results by Gorriti et al. (2009a) for anthocyanin content 
and content of phenolic compounds were 33.286 mg cyanidin 3-O-glucosido y 76.962 
mg gallic acid/g sample, respectively, while Alarcon (2015) obtained for anthocyanin 
content 27.82 mg cyanidin 3-O-glucoside / g sample. These differences in the contents 
can be due to the different pH used which are determining factors in the extraction. 
On the other hand, Soxhlet extraction, unlike maceration, uses an 
equipment called Soxhlet extractor (SOXHLET, 1879). This extraction is mainly for 
lipids but is currently being used for the extraction of bioactive compounds in plant 





The process consists of placing the plant material previously ground in a porous bag 
made of cellulose found in the extractor. The extraction solvent is heated in a distillation 
flask and the vapors condense to fall drop wise into the porous bag, extracting the 
bioactive compounds. When the condensed solvent containing the compounds 
overflows, it is sucked in by a siphon to discharge it back into the distillation flask and 
the process continues until the extraction is finished (AZMIR et al., 2013; AZWANIDA, 
2015). 
The best results by Soxhlet extraction were obtained by Gamarra et al. 
(2009) using the pericarp of purple corn grain and methanol acidified to pH 1 in solid: 
liquid ratio 1: 8 at 55°C/90 minutes. The authors concluded that using methanol and 
the Soxhlet extractor, the extraction of 88% of cyanidin 3-O-glucoside can be achieved.  
Both conventional methods, until today are used industrially for the 
advantage of the low cost of assembly of the extractor unit, however, as disadvantages 
have high extraction times, the use of large quantities of solvents, low selectivity, the 
need to perform a later stage of evaporation of the solvent and the possible 
decomposition of the labile compounds (VIGANÓ & MARTINEZ, 2015). 
 
3.3. High pressure technologies for the extraction of bioactive compounds in 
plant materials. 
High pressure processes are non-conventional technologies for the 
extraction of bioactive compounds and can be of two types: Static systems, such as 
high isostatic pressure, or dynamic systems, such as dynamic high pressure and 
supercritical fluid. 
3.3.1. High Isostatic pressure (HIP) 
It is a technology that is currently shown as an alternative for the 
preservation of food (OEY et al., 2008.) and the extraction of bioactive compounds 
(BARBA et al., 2015; VEGA-GALVEZ et al., 2014; TCHABO et al., 2017). 
The HIP technology is derived from materials science, in which materials 
were processed with pressures above 100 MPa (TIWARI et al., 2009).  
In 1900, the Hite group was the first to apply high isostatic pressure in food, 
using pressures of 600 MPa in milk, meat, fruits and vegetables, to then evaluate the 
effect that caused them. The results showed that HIP significantly reduced the number 





In 1990, the first product sold, processed by HIP, was a lunch in Japan and 
in 2000, yoghurts, jams, juices and fish-based meats had already begun to be 
commercialized (LEADLEY et al., 2003). 
The HIP process consists of applying pressures between 100-1000 MPa on 
biological systems that are placed, with or without packaging, inside a pressurization 
chamber that has a means of transferring pressure to water. The two principles that 
govern this process are: The principle of L'Chatelier, this indicates that pressure favors 
negative changes in the volume of a biological system and consequently affects a 
variety of biological structures, reactions and processes (BUTZ et al., 2004); and the 
isostatic principle, this indicates that the pressure is transmitted in a uniform and almost 
instantaneous way over a biological system (SAN MARTIN et al., 2010). 
The packaging used during the HIP process must withstand the 15% 
reduction of its initial volume due to the high pressures applied, and it must be flexible 
to return to its initial volume after decompression, thus maintaining the integrity of the 
product (GASPARETTI, 2014). According to Farkas and Hoove (2000) the pressure 
causes adiabatic heating, increasing the temperature of the process between 3-6°C. 
The figure 5 shows a high isostatic pressure (HIP) scheme. 
 
 
Figure 5: High isostatic pressure (HIP) scheme. 






Its recent application in the extraction of bioactive compounds is due to the 
fact that the pressure does not affect low molecular weight compounds such as those 
related to taste, pigments and some vitamins, since it does not alter its covalent bonds 
(Oey et al., 2008). However, the pressure does affect non-covalent bonds such as 
hydrogen bonds, ionic ligations and hydrophobic interactions (BUTZ et al., 2003; 
BARBA et al., 2015). 
Based on this, several studies were developed on plant materials processed 
by high pressure. Within them, Fernandez et al. (2017) verified that HIP was effective 
in preserving phenolic compounds in extracts of pansy (Viola × wittrockiana), a plant 
from Portugal used for ornaments, salads, soups, beverages and desserts. Extracts of 
pansies obtained with 50% ethanol (v / v) in solid: liquid ratio of 1:30 (w / v) and 
processed at 250 MPa / room temperature / 10 minutes presented ~ 59% more 
anthocyanin content than the non-pressurized extract (50 % ethanol / room 
temperature / 10 minutes) and ~ 47% more anthocyanin content than the extract 
processed at 500 MPa / room temperature / 10 minutes. These results were 6.09 mg 
cyanidin 3-O- glucoside / g dry weight, 3.84 mg cyanidin 3-O- glucoside / g dry weight 
and 4.13 mg cyanidin 3-O- glucoside / g dry weight, respectively. However, for the 
antioxidant activity the best treatment was 500 MPa / Room temperature / 10 minutes 
(0.23 EC50 mg extract / mL), noted that there was no direct relationship between the 
antioxidant activity and the anthocyanin content of the pansy extracts. When a central 
composite design (CCD) methodology was made, the authors concluded that the 
optimal extraction conditions for anthocyanins and hydrolysable tannins in pansy 
extracts would be a process at 384 MPa / room temperature / 15 minutes using 35% 
ethanol (v/v) as solvent. 
Other researchers such as Putnik et al. (2017), carried out the random 
response surface (MSR) methodology to determine the optimal anthocyanin extraction 
conditions for grape skin HIP (Vitis vinifera cv. Terán). The extracts obtained were 
subjected to different isostatic pressure parameters (300, 400 and 500 MPa), 
temperature (22 °C, 26 °C and 30 °C), time (3, 6.5 and 10 minutes), solvent (methanol 
and ethanol) and concentration of solvent (30%, 40% and 70%). This investigation 
evidenced that the type of solvent does not significantly affect the extraction. The best 
conditions for HIP of anthocyanins from grape skin were extractions at 268.44 MPa / 





pressure of 300 MPa / 22 ° C / 3 minutes at 500 MPa/ 22 ° C / 3 minutes caused an 
increase in anthocyanin content by ~ 4%. 
Corrales et al. (2009) also investigated the extraction of anthocyanins from 
the grape skin (Vitis vinifera L.). The raw material was of the same species used by 
Putnik et al. (2017). Grape skin extracts obtained with 100% ethanol in solid: liquid 
ratio of 1: 4.5 (w / v) and processed at 600 MPa / 70 °C / 30 minutes presented ~ 44% 
more anthocyanin content than the non-pressurized extract (100% ethanol / 70 °C / 30 
minutes). The results were 11.38 mg cyanidin 3-O- glucoside/ g dry weight and 7.9 mg 
cyanidin 3-O- glucoside / g dry weight, respectively. However, the antioxidant capacity 
was obtained using a lower concentration of ethanol (50%) at 600 MPa / 70 °C / 30 
minutes (286.08 μmol Trolox / g dry weight). According to the authors, the combination 
of hydroalcoholic solvents, temperature and isostatic pressure above 200 MPa can 
achieve a better extraction of phenolic compounds. 
Jung et al. (2009) used HIP to evaluate the extraction yield of polyphenols 
in extracts of green tea leaves. The extraction yield of polyphenols in the extracts 
obtained with 50% ethanol (v / v) in solid: liquid ratio of 1:20 (w / v) and processed 500 
MPa / room temperature / 1 minute was 30% while the extraction yield of polyphenols 
in the non-pressurized extracts obtained with 50% ethanol (v / v) in solid: liquid ratio of 
1:20 (w / v) at 20 °C and 20 hours was 30.5%. The authors concluded that the HIP 
process is suitable for the rapid extraction of polyphenols from green tea leaves and is 
more effective than the conventional extraction methods studied. 
Apart from the phenolic compounds, there are other bioactive compounds 
present in plant materials that have been extracted by HIP; for example, ginsenosides 
and Kirenol. Ginsenosides are glycosteroids considered as bioactive compounds 
because they help to treat inflammatory diseases (KIM et al., 2017) and Kirenol is a 
diperten considered bioactive compound because they act as analgesics and anti-
inflammatories to treat arthritis, hypertension and malaria (WANG et al., 2011; QUIAN 
et al., 2000; XU et al., 2001; WANG et al., 2008). Researchers such as Lee et al. (2011) 
applied HIP for the extraction of ginsenosides from the oriental fresh tuber, ginseng 
(Panax ginseng). The extraction was carried out using as solvent water in solid: liquid 
ratio of 1: 1.33 (w/v) and processed at 80 MPa / 30 °C / 1 hour. The results showed 
that the extracts obtained by HIP presented ~ 27% more ginsenoside content than the 





ginsenoside / mL and 1259 μg ginsenoside / mL, respectively. The authors concluded 
that the content of ginsenosides was directly proportional to the increase in pressure, 
showing the HIP as the most effective for extraction. 
For the extraction of kirenol, Kim et al. (2014) used herbs of Siegesbeckia 
orientalis L. from Korea. The extracts obtained, using as solvent 40% ethanol in solid: 
liquid ratio of 1: 50 (w / v) and processed at 300MPa / room temperature / 5 minutes 
was enough to obtain the higher content of kirenol (1.61 mg kirenol / 100 g dry weight) 
compared to the extracts obtained, using water as solvent in solid: liquid ratio of 1:50 
(w/v) and processed at 500 MPa / room temperature / 5 minutes (1.14 mg kirenol / 100 
g dry weight). 
Therefore, it should be considered that each extraction process by HIP of 
bioactive compounds is unique and will depend on the biological system to be 
processed, its state, its shape and the variables of operation (pressure, temperature, 
time, pH, mass ratio: solid and concentration) (VEGA-GÁLVEZ et al., 2011) 
 
3.3.2. Dynamic high pressure (DHP) 
 DHP  is a technology currently used to emulsify, stabilize, disperse and and 
rheologically modify products from the chemical, pharmaceutical and especially food 
industries. The equipment that exert this dynamic pressure are known as 
homogenizers. 
In 1909, the company Manton-Gaulin manufactured its first homogenizer 
after its founder, Auguste Gaulin, obtained the patent for the equipment to stabilize a 
fat emulsion that did not suffer gravitational separation (RAYNER & DEJMEK, 2015). 
The first application of this technology was used in pharmaceutical and 
biotechnological products (PAQUIN, 1999). 
The first homogenizers allowed processes between 10-40 MPa (BURGAUD 
et al., 1990) but with advances in technology, currently there are equipment that allows 
processes up to 350 MPa (FLOURY et al., 2000). The dynamic high pressure process 
consists of a high-pressure homogenization of biological systems, which are forced 
through a homogenization valve and a positive displacement pump, to flow 
continuously through a narrow hole. The diameter of the hole is inversely proportional 
to the applied pressure. All these factors cause an increase in the flow velocity of the 





cavitation, shear and cell rupture (BROOKMAN & JAMES, 1974; SOUQIN et al., 2004). 
Figure 6 shows a dynamic high pressure scheme (DHP). 
 
Figure 6: Dynamic high pressure (DHP) scheme  
Source: The author; Castro-Porto, 2013. 
 
In the food industry, most of its applications are related to dairy products 
(HAYES & KELLY, 2003; THIEBAUD et al., 2003), however, its application is effective 
for all liquid and pump able food. In this sense, several researchers have evaluated 
their effect on the bioactive compounds present in juices and plant extracts. 
In 2013, Estrada et al. studied the influence of DHP on bioactive compounds 
in orange juice. The juices obtained at 100 MPa / 10-20 °C and 200 MPa / 10 °C-20 
°C, presented ~ 56.12% and ~38.3%, respectively, more carotenoid content than the 
pasteurized juice (90°C / 1 minute).. These same processes also obtained higher 
polyphenol contents, 76.50 mg gallic acid / 100 mL (100 MPa / 10-20 °C) and 75.91 
mg gallic acid / 100 mL (200 MPa / 10-20°C). However, for the antioxidant capacity the 
best process was at a higher pressure, 300 MPa / 10-20 °C. The authors concluded 
that the use of DHP is less harmful to bioactive compounds and antioxidant activity 
than thermal treatments. Another similar study, but in apple juice (Golden Delicious 
cv.), was carried out by Suarez-Jacobo et al. (2014). The apple juices obtained at 300 
MPa and the inlet temperature at 20 °C presented ~ 23.3% more polyphenols content 
than the fresh juice (enzymatically treated / decanted and filtered).. The authors 
concluded that the DHP application inactivates some enzymes present in plant extracts 





Yu et al. (2014) evaluated the effect of DHP on phenolic acids and 
antioxidant activity of mulberry juice. The juices obtained at 200 MPa / 4 °C / 1 pass 
presented ~ 19.6% more content of phenolic acids than the juices obtained by 
pasteurization (95 °C / 1 minute).. Regarding the total content of phenolic acids, it had 
a reduction of only ~ 10% that the pasteurized juices (p> 0.05), however, showed a 
higher antioxidant activity (44.2 mM Trolox / L juice). According to the authors, the 
increase of phenolic acids in the mulberry juice processed by DHP was due to the  
hydrolysis of the ester and glycosidic bonds that caused the dynamic pressure on the 
cell wall, since some phenolic acids are found forming complexes with polymers 
present in said wall In 2017, Aguayo et al. evaluated the influence of DHP on dried 
extracts of blueberries (Vaccinium macrocarpon L.) and artichokes (Cynara Scolymus) 
after processing and storage for 6 months at 40 °C and 75% relative humidity. At the 
end of this time, the dried blueberry extracts processed at 120 MPa / room temperature 
presented ~ 66.7% more phenolic content (pro anthocyanidins) than the non-
pressurized treatment (0.01 MPa / room temperature). These results were 4 mg pro 
anthocyanidins / mL of sample and 2.4 mg pro anthocyanidins / mL of sample, 
respectively. In the case of dried artichoke extracts processed at 120 MPa / room 
temperature, phenolics such as chlorogenic acid and cynarine showed a reduction of 
~ 22% and an increase of ~ 1%, respectively, then the non-pressurized method (0.01 
MPa / Room temperature). The authors suggest that DHP processes can increase or 
reduce the content of phenolic compounds, depending on product conditions, dynamic 
pressure and time.  
Even so, the process is shown as a technology with economic and efficient 
benefits for the process of various types of plant samples. 
 
3.3.3. High pressure by Supercritical Fluids 
It a technology used for the separation of organic compounds in many 
analytical and industrial processes. 
Its applications in the analytical processes began at the end of the 1980s, 
and from 1990 to 1992, the majority of the investigations referred to enriched samples, 
that is, samples fortified with the analytes of interest (HE & TANG, 1992; DER VELDE 
et al., 1992). Industrial applications began in 1969 with the research carried out by 





of a technique of extraction of natural components using carbon dioxide (CO2) in 
supercritical state. In this way, in the 1970s, the food industry used the technology in 
the coffee and tea decaffeination process, as well as the extraction of hop oils; and in 
the 1980s, the food industries of Europe and Australia developed it on an industrial 
scale. 
Extraction by supercritical fluids is a process that involves increasing the 
temperature and pressure of a fluid, mostly carbon dioxide, to acquire properties of 
gases, such as viscosity, and properties of liquids, such as density. Due to these 
physicochemical properties, a supercritical fluid presents advantages in conventional 
extraction methods, since it can easily diffuse through solid materials and provide 
faster extraction yields (ANKLAM, BERG, MATHIASSON, SHARMAN & ULBERTH, 















Figure 7: A schematic diagram of a supercritical fluid continuous extraction. 
Source: Otles, 2018. 
 
Numerous vegetable matrices have been processed by supercritical fluids 
to obtain natural antioxidant compounds. For example, Paes et al. (2014), evaluated 
the effect of supercritical fluids on the total anthocyanin content in extracts of 





consisted of peel, seeds and pulp. Extracts processed at 20 MPa / 40 ° C, at a solvent 
flow rate of 8.4 g/min and using 90% CO2 and 10% water, presented ~ 46% more 
anthocyanins than the extracts obtained by Soxhlet extraction at 56 ° C / 6 hours using 
as acetone solvent and a solid: liquid ratio of 1:30. The authors concluded that the 
increase in extraction was due to the fact that the pressure improves the solvation 
power of CO2. Ghafoor et al. (2014) also achieved an increase of ~ 46% in the total 
anthocyanin content in grape skin extracts processed at 17 MPa / 46 ° C, with a flow 
rate of 2 mL / min and using 95% CO2 and 5% ethanol, in comparison to extracts 
processed at 16 MPa / 40 ° C using 92% CO2 and 8% ethanol.  
In another study, Maran, Priya and Manikandan (2014), also evaluated the 
effect of supercritical fluids on anthocyanin content in extracts of Syzygium cumini fruit 
pulp processed by supercritical fluids. The extracts prepared in a solid: liquid ratio of 
1:50 and processed at 20 MPa / 50 ° C with a solvent flow rate of 3g / min and using 
as co-solvent ethanol presented ~ 3% more anthocyanin content than the processed 
extracts at 15 MPa / 40 ° C and with a solvent flow rate of 1 g / min. The authors 
concluded that the flow rate of the solvent and the pressure are determining factors for 
the extraction by supercritical fluids, since it increases the density of the fluid, 
decreasing the distance between the molecules and favoring the interactions between 
the fluid and the matrix. 
 
3.4.Factors that affect the extraction of bioactive compounds in plant materials 
The efficiency of the extraction method for bioactive compounds is affected 
by several factors, mainly those that have a direct relationship with the solubility of the 
compounds. These factors can be: 
 
Solvent: The right choice of solvent is essential for efficient extraction. Non-
polar or slightly polar solvents such as chloroform, dichloromethane, diethyl ether or 
ethyl acetate can be used to extract methoxylated flavonoids and polar solvents such 
as ethanol and methanol can be used to extract hydroxylated flavonoids (OSORIO & 
MEIRELES, 2013; PÉREZ-NÁJERA et al., 2013). 
Temperature: The high temperatures decrease the viscosity of the solvent, 
helping to penetrate the plant material and improving the extraction process, however, 





advisable to apply a high temperature treatment but for a short time to extract bioactive 
compounds without degrading them and then store the product at low temperatures. 
pH: The extraction of bioactive compounds can be influenced directly by 
the pH at which they are found. According to Dorta et al. (2013) acid extraction 
conditions (~ pH 3) favor the recovery of bioactive compounds such as phenols and 
Oreopoulou (2003) claim that alcoholic extractions at acid pH would allow the 
hydrolysis of glucosidic bonds of some compounds, which would increase the 
antioxidant activity of the product 
Particle size: Particle size influences the mass transfer of solutes during 
the extraction process, which affects the recovery rates of some bioactive compounds 
(PEREIRA & MEIRELES, 2009). Its reduction facilitates the extraction process 
because it increases the contact area with the solvent and allows a good diffusion of 
the solute in the solvent. 
Pressure: Although the atmospheric pressure is not of great influence in 
the extraction of bioactive compounds, the use of high pressures (>100 MPa) facilitates 
the extraction of compounds located in the interior of the pores of the vegetal matter, 
because an increase of the pressure forces to that the solvent penetrates in places 
that normally are not reached at normal pressure (OSORIO & MEIRELES, 2013; 
TELLEZ et al., 2009). 
Extraction time: The times will depend on the nature of the plant material 
and the types of bioactive compounds it contains. According to Osorio & Meireles 
(2013), between five and thirty minutes the extraction of these compounds is 
guaranteed, however, the combination of high temperatures and long extraction times 














4.MATERIAL AND METHODS 
The development of this research was carried out in the Laboratory of 
Emerging Technologies of the department of Food Technologies of the University of 
Campinas, located in Campinas, São Paulo. 
 
4.1. Material  
 
4.1.1. Purple Corn 
The purple corns were acquired from a commercial establishment in the 
Ancash region. They were imported from Peru after phytosanitary certification No. 
385410 (Annex A) granted by the National Service of Health and Agri-Food Quality 
(SENASA). Five kilograms of purple corn was necessary for the present study. The 
Purple corn ears were separated into grains and cobs, and then the cobs were dried 
on a stove (Nova Ethica, Brazil) with air circulation at 50°C for 24 hours. The Figures 




























Figure 9: Purple corn cobs          Figure 10: Purple Corn grains 
 
4.1.2. Reduction of particle size 
The dried cobs were cut and ground in a cereal disc mill (GUZZO, Brazil) 
followed by an electric mill (A11 Basic, IKA®, Brazil) in order to reduce its size to the 
maximum. Subsequently, it was sieved (GRANUTEST, N ° 60 mesh, Brazil) for 5 
minutes to obtain a particle size smaller than 0.250 mm. 
The purple corn cob powder was weighed on an analytical scale (AUY220, 
SHIMADZU, Japan), placed in low density polyethylene (E) / ethylene vinyl alcohol 
(EVOH) bags with a thickness of 78 µm and sealed in a vacuum sealer (Baseline P 
100 / 300 w, MULTIVAC, Germany). The samples were refrigerated at 4°C until use. 
 
4.1.3. Determination of particle size 
It was carried out in particle size analyzer equipment (SIROCCO 2000, 
MALVER INSTRUMENTS, England). The powder of purple corn cob was placed 
manually in the sample tray with air supply, then the particle diameter was estimated 
using the equipment software.  
 
4.1.4. Packages 
The packing for the processing of the extracts was acquired from the 
company Dixie-Toga Ltda (São Paulo, Brazil). These packaging are laminated in 
flexible multi-layers, composed of low-density polyethylene (LDPE) co-extruded with 





in black. The packaging has the following characteristics: thickness, 78 um and 
permeability rate of oxygen, 1.38 TPO2 (cm3.m-2.dia-1). 
 
4.1.5. High isostatic pressure equipment  
High isostatic pressure processing was carried out in a High isostatic 
pressure pilot (MFF 2L-700, Avure Technologies Inc, USA) with a 2 L pressurization 
chamber and stainless steel. The equipment works with a pressure of up to 690 MPa 
and a temperature control of 10 °C to 90 °C. The temperature of the chamber was 
captured by a K-type thermocouple and the pressure by means of a pressure 













Figure 11: High Isostatic Pressure Equipment 
 
4.1.6. Dynamic high pressure equipment 
The dynamic high pressure processes were carried out using a continuous 
homogenizer (Panda Plus, GEA Niro Soavi, Italy) with a maximum flow rate of 9 L / h. 
The dynamic high pressure system consists of two intensifiers, which are driven by a 
pump and a ceramic valve capable of withstanding pressures of up to 200 MPa. As 
















Figure 12: Dynamic high pressure Equipment 
4.1.7. Standards and reagents 
Gallic acid, Trolox and Folin-Ciocalteau reagent, Dynamic brand, were 
used. The reagents used with analytical purity were: ethyl alcohol, potassium chloride 
and 0.1 N hydrochloric acid, Synth brand, sodium acetate, Scientific brand, sodium 




4.2.1. Centesimal composition of purple corn cob powder. 
The content of moisture and ash was determined by gravimetric method 
(AOAC, 2005), the crude protein content was obtained by the Kjeldahl method (Adolf 
Lutz Institute, 1985) using the conversion factor of 6.25, the lipid content was obtained 












For the processing by high isostatic pressure, samples of powder cob 
prepared according to section 4.1.2 were used. The solvent used was an ethanol-water 
solution at a concentration of 20% acidified to pH 2 with HCl 1 N.  
4.67 grams of purple corn cob powder were weighed in an analytical scale 
and then mixed with 140 mL of hydro-alcoholic solvent (solid: liquid ratio 1:30) under 
atmospheric pressure  
The mixture was placed in a flexible pouch (see section 4.1.4), sealed in a 
vacuum sealer and subjected to high isostatic pressure,: 250 MPa, 450 MPa and 650 
MPa at temperatures of 25 °C, 45 °C and 65 °C for 3 minutes. The controls samples 
were non-pressurized extracts maintained at 0.01 MPa for 3 minutes. The extracts 
obtained by each process were filtered with filter paper (Whatman N°1) and with the 
help of a vacuum pump (7049-5D / 60Hz, COLE PARMER, Illionois), to be stored in 
amber bottles lined with aluminum foil at 4 °C, until all the analysis. Each process and 
analysis were performed in triplicate. 
 
4.2.3. Extraction of bioactive compounds from the purple corn cob by dynamic 
high pressure. 
For the processing by dynamic high pressure, the samples of powder cob 
prepared according to section 4.1.2 were used. The solvent used was an ethanol-water 
solution at a concentration of 20% acidified to pH 2 with HCl 1 N. 
6.67 grams of purple corn cob powder were weighed in an analytical scale 
and then mixed with 200 mL of hydro-alcoholic solvent (solid: liquid ratio 1:30) under 
atmospheric pressure. 
The mixture was placed in a beaker lined with aluminum foil and subjected 
to dynamic high pressure by varying pressures: 20 MPa, 40 MPa and 60 MPa at inlet 
temperatures of 25°C, 45°C and 65°C. At the exit of the homogenizer, the samples 
were collected in beakers lined with aluminum foil and cooled in a water/ice bath. 
The extracts obtained by each process were centrifuged at 1000 
rpm/25°C/20 minutes (AllegraTM 25R, BECKMAN COULTER, Germany) and stored 
in amber bottles lined with aluminum foil at 4 °C, until all the analysis. Each process 






4.2.4. Extraction of bioactive compounds from the purple corn cob by static 
maceration (conventional method). 
For the processing by static maceration, samples of powder cob prepared 
according to section 4.1.2 were used. The solvent used was an ethanol-water solution 
at a concentration of 20% acidified to pH 2 with HCl 1 N. 
4.67 grams of purple corn cob powder were weighed in an analytical weigh 
scale and then mixed with 140 mL of hydro-alcoholic solvent (solid: liquid ratio 1:30) 
under atmospheric pressure. 
The mixture was placed in a flexible pouch (see section 4.1.4), sealed in a 
vacuum sealer and subjected to the temperatures of 25°C, 45°C and 65°C for different 
times 0.5, 1, 1.5, 2 and 2.5 hours. The extracts at 45°C and 65°C were placed in a 
thermostatic bath (MOD 116, FARNEM ®, Brazil). Subsequently, the extracts obtained 
by each treatment were filtered with filter paper (Whatman N°1) and with the help of a 
vacuum pump (7049-5D / 60Hz, COLE PARMER, Illionois), to be stored in amber 
bottles lined with aluminum foil at 4 °C, until all the analysis. Each process and analysis 
were performed in triplicate. 
 
4.2.5. Color Analysis 
The color of the extracts was measured instrumentally using a digital 
colorimeter (HUNTERLAB, Ultra Scan PRO, USA) based on the CIELAB color space 
(L *, a * and b *) (MONTES et al., 2005). The cylindrical coordinates Cab * (chroma) 
and hab (Hue angle) were calculated from the parameters L *, a * and b *, which define 





𝐶𝑎𝑏 ∗=  [(𝑎∗)2  +  (𝑏∗)2]0.5 (1) 
 






4.2.6. Analysis of total anthocyanin content 
The total anthocyanin content (TAC) was performed by the differential pH 
method following the AOAC (2005) methodology. This method is based on the color 
change experienced by the anthocyanins with a change in the pH, the colored oxonium 
form exists at pH 1.0 and the colorless hemiacetal form exists at pH 4.5. The difference 
in the absorbance of the pigments at 520 nm is proportional to the pigment 
concentration. 
For the analysis of the extracts, the appropriate dilution factor was 
determined by diluting an aliquot test with pH 1.0 buffer until the absorbance at 520 
nm was within the linear range of the spectrophotometer (0.4-0.6 AU). Using this 
dilution factor, two dilutions of the extract were prepared, one with buffer pH 1.0 and 
the other with buffer pH 4.5. 
Each buffer consisted of two solutions: The first of pH 1, was 0.025 M 
potassium chloride adjusted with 0.1 M HCl and the second pH 4.5, was 0.4 M sodium 
acetate adjusted with 0.1 M HCl. The measurements were determined in the visible 
region to 520 nm and 700 nm, using a spectrophotometer (UV-VIS DU® 800, Beckman 
Coulter, USA). The maximum absorbance was recorded at 520 nm, which corresponds 
to cyanidin-3-O-glucoside with a molecular weight of 449.2 and molar absorptivity of 
26800. The absorbance was calculated according to equation (3). 
 
 
The concentration (C) of anthocyanins (in milligrams of cyanidin-3-O-
glucoside /L or Cy3G/L) was calculated from the equation (4): 
 
𝐶 (𝐶𝑦3𝐺/𝐿) =





Where ‘ε’ is the molar absorptivity, ‘𝑙’ is the length of the cell passage, ‘A’ is 
the absorbance, ‘MW’ is the molecular weight of the reference standard, and ‘DF’ is 
the dilution factor. 






The results were expressed in milligrams of cyanidin-3-O-glucoside per 
gram of dry weight, because the purple corn cob present more content of this type of 
anthocyanin. 
 
4.2.7. Analysis of the total phenolic compounds content 
The determination of total phenolic compounds was carried out by the Folin-
Ciocalteu colorimetric method (SINGLETON & ROSSI, 1965) with some modifications 
using gallic acid as standard. This method is based on the reduction of the Folin-
Ciocalteu reagent, which contains phosphomolybdic acid and phosphotunguistic acid. 
This reagent is reduced in the presence of phenolic compounds with the formation of 
molybdenum and tungsten that give blue coloration. 
The calibration curve prepared with gallic acid was 1 mg / mL with solutions 
of 0.01 mg / mL, 0.02 mg / mL, 0.03 mg / mL, 0.05 mg / mL and 0.06 mg / mL. 
The crude extracts obtained by high isostatic pressure (HIP) (see section 
4.2.2), dynamic high pressure (DHP) (see section 4.2.3) and by static maceration (CE) 
(see section 4.2.4) were used in this analysis. 
Different aliquots were removed by process (HIP, DHP and CE) which were 
placed in a 10 mL amber tube, complete with the extractor solution used in the 
extraction (20% ethanol-water). From this solution, aliquots of 0.5 mL were taken and 
transferred to an amber tube, then 2.5 mL of the Folin-Ciocalteu solution was added 
(except in the blank). The samples were left to rest in a dark environment for 5 minutes. 
After this period, 2 mL of 7.5% sodium carbonate was added and again it was placed 
in dark for 2 hours. The reading was performed on a spectrophotometer (UV-VIS DU® 
800, Beckman Coulter, USA) at 760 nm. The content of total phenolic compounds were 
the concentrations read multiplied by the corresponding dilution factor. The results 








4.2.8.In vitro study on the antioxidant activity of purple corn cob extracts 
processed by dynamic high pressure, high isostatic pressure and static 
maceration. 
 
4.2.8.1. ORAC (Oxygen Radical absorbance capacity) 
 
The ORAC procedure was performed following the methodology of Out et 
al. (2013). The reaction was carried out in 75 mM phosphate buffer (pH 7.4), and the 
final reaction mixture was 200 uL. 20 uL of antioxidant solutions and 120 uL of 
fluorescein solution 70 nM were placed in the well of the microplate. The mixture was 
preincubated for 10 min at 37 °C. 60 uL of AAPH (2, 2’-azobis (2-
methylpropionamidine) dihydrochloride) solution 12 mM was added rapidly using a 
multichannel pipet.  
The reading was performed using a microplate reader (Synergy HT, Biotek® 
Instruments Inc., USA) and the fluorescence recorded every minute for 120 min. The 
microplate was automatically shaken prior each reading. A blank (fluorescein solution 
+ AAPH) using phosphate buffer instead of the antioxidant solution and eight 
calibration solutions using Trolox (1-8 uM, final concentration) as antioxidant were also 
carried out in each assay. Raw data were exported from GEN 5 software to a Microsoft 
Office Excel 2010 sheet for further calculations. The linear regression has been 
performed with units of concentration in μmol TE as dependent variable and 
absorbance as independent variable. The concentrations obtained were multiplied by 
the corresponding dilution factor. The results were expressed in μmol of Trolox (TE) 
per gram of dry weight.  
 
4.2.8.2. FRAP (Ferric Reducing Antioxidant Power Assay) 
 
The antioxidant activity was determined according to the methodology of 
Benzie & Strain (1996). The FRAP reagent was prepared daily, and maintained at 37 
° C, by mixing acetate buffer (0.3 M pH 3.6), 2.5 mL of a TPTZ solution (2,4,6-Tris (2-
pyridyl) -s-triazine) 10 mM and 2.5 mL of an aqueous solution of ferric chloride 20 mM. 





μl distilled water and 2.7 mL FRAP reagent, then homogenized on a tube shaker and 
maintained in a 37 ° C water bath.  
The reading was performed at 595 nm after 30 minutes of mixing prepared 
using a microplate reader (Synergy HT, Biotek® Instruments Inc., USA). The FRAP 
reagent was used as a blank to calibrate the spectrophotometer. To obtain the 
calibration curves, a methanolic solution (80%) of Fe2 + in the range of 500 to 2000 
μM was used from a 2000 μM FeSO4 stock solution. The concentrations obtained were 
multiplied by the corresponding dilution factor. The results were expressed in μmol of 
Trolox (TE) per gram of dry weight.  
 
4.2.9. Identification of anthocyanins in purple corn extracts 
The identification of anthocyanins was carried out by Ultra-Performance 
Liquid Chromatography coupled to Mass Spectrometry (LC-MS / MS), in the extracts 
that showed the highest total anthocyanin content by technology.  
 
4.2.9.1. Sample preparation 
 
 Samples were diluted 3 times in water and centrifuged for 5 minutes at 
13000 rpm immediately before analysis. 
 
4.2.9.2. Quantification of samples by Ultra-Performance Liquid Chromatography - 
Tandem Mass Spectrometry (LC-MS/MS) 
 
The chromatographic analysis (LC-MS/MS) was carried out using an ultra-
performance liquid chromatography system (Waters Xevo I-Class, Milford, USA) 
coupled to a tandem mass spectrometry detector (Waters Xevo TQD, Milford, USA) 
with an electrospray source ionization (ESI) in positive mode. Separation was carried 
out on a HSS T3 column (100 mm x 2.1 mm x 1.8 µm, Waters, Milford, USA) at a flow 
rate of 0.6 mL/min. The mobile phase was composed of solvent A (0.1% TFA in water) 
and solvent B (acetonitrile) and the gradient used is described in Table 5. 
 Auto sampler and column were kept at 10° C and 35° C respectively. The 
instrument control and data processing were performed by MassLynx software (Waters 





masses were extracted according to reference Pascual Teresa et al. (2002), where 
relative quantification was performed by comparing peak areas. For the MS operating 
conditions, the following parameters were set: capillary voltage 3.5 kV, source 
temperature 150° C, desolvation temperature 550° C, cone gas flow 20 L.h−1 and 
desolvation gas flow 900 L.h−1. 
 














4.2.10. Statistical analysis 
The results obtained of total anthocyanin content, phenolic compounds, 
color analysis and antioxidant activity were evaluated using the STATISTIC version 
7.0 program, and variance analysis methods (ANOVA) and Tukey test were used to 
compare means with a 95% significance. A correlation analysis was also carried out 















5.RESULTS AND DISCUSSION  
 
5.1.Particle Size Distribution of purple corn cob powder 
Figure 13 shows the superposition of three distribution curves 
corresponding to three repetitions. The curves show a unimodal distribution. According 
to Prista, Alves and Morgado (1998), homogenous particles increase the area of 
contact between the vegetable material and the solvent used in the extraction, being 
able to increase the efficiency of the extraction. 
The average diameter of the particles was expressed as D [4,3] (average 
diameter of Brouckere), which indicates the point central around which rotates the 
frequency of the volume of the distribution (TONON, BRABET & HUBINGER, 2009). 
The particle of purple corn cob powder presented an average equal to D [4,3] = 
136.519 micrometers. 
Figure 13: Particle size Distribution and average particle diameter (D [4,3]) of purple 






























5.2.Centesimal Composition of purple corn cob powder 
 The characterization of the samples used for the extraction of bioactive 
compounds is presented in Table 6. 
 











(*) Calculated by difference 
 
According to table 6, it can be observed that the purple corn cob powder 
presented 12 grams of moisture in 100 grams of sample and in relation to the dry 
weight for each 100 grams: 3.41 g of ashes, 5.21 g of proteins and 0.03 g of lipids.  
The values of proteins, lipids and ash are similar to those obtained by 
Fernandez (1995) and Cerro-Quintana (2009) in purple corn cob with 11% and 9% 
moisture, respectively. 
Another important fraction is the carbohydrate content that was 79%, since 
some pigments such as simple anthocyanins, can be found esterified to one or several 
carbohydrates, or acylated anthocyanins, which can be found esterified to 











Moisture (%) 12.02±0.04 
Ashes (%) 3.41±0.03 
Proteins (%) 5.21±0.06 
Lipids (%) 0.03±0.00 





5.3.Content of anthocyanin in purple corn cob extracts obtained by different 
technologies 
 
5.3.1.Extraction by Static Maceration (CE) 
 
Figure 14 shows the total anthocyanin content (mg of cyanidin 3-O-
glucoside / g dry weight or mg Cy3G / g dry weight) in extracts of purple corn cob 
processed by static maceration at different times and temperatures. Parameters such 
as the type of solvent and the solid: solvent ratio were kept constant. 
Figure 14: Total anthocyanin content of the extracts obtained by static maceration at 
different temperatures and at different times. Equal lowercase letters mean that there 
is no significant difference (p> 0.05, Tukey test) for times considering the same 
temperature. Equal uppercase letters mean that there is no significant difference 
(p>0.05, Tukey test) for temperatures considering the same time. 
It is observed that, at the constant temperatures of 25 ° C, 45 ° C and 65 ° 
C, the highest total anthocyanin content in the extracts were obtained in the time of 2.5 
hours (Figure 14). 
For the same temperature, the progressive increase in time caused small 





the times of 0.5 hours and 1 hour (p> 0.05). When performing the statistical analysis, 
a significant difference was found (p <0.05) in the extraction of bioactive compounds 
at extraction times longer than 1.5 hours. 
On the other hand, for a same time, the progressive increase in temperature 
caused great variations in content of anthocyanin (p <0.05). These results are 
corroborated with the work from Cacace and Mazza (2003). According to the authors, 
in a conventional extraction the most determining factor is the temperature because it 
increases the solubility of the anthocyanins and the coefficient of diffusion of the 
solvent in the plant matrix, for this reason an extraction at room temperature would 
require a higher extraction time. 
Gorriti et al. (2009b) obtained the same values of anthocyanins content as 
the extract processed at 2.5 hours / 65 ° C. Although the authors used the same raw 
material, type of solvent and solid solvent ratio, they used different temperature and 
time in the static maceration, which were 90 ° C and 30 minutes, respectively. 
 
5.3.2. Extraction by High isostatic pressure (HIP) 
 
The Figure 15 shows the effect of high isostatic pressure on the total 
anthocyanin content(mg Cy3G / g dry weight) in purple corn cob extracts processed at 
three temperatures, comparing with the contents obtained through conventional 
technology (static maceration-2.5 hours) and non-pressurized extract at the same 


















Figure 15: Total anthocyanin content of the extracts obtained by different processing 
and at different temperatures. CE (conventional extraction) for 2.5 hours, non-
pressurized at 0.01 MPa for 3 minutes and HIP for 3 minutes. The bars are means ± 
standard deviation (n = 3). Equal lowercase letters mean that there is no significant 
difference (p> 0.05, Tukey test) between the extracts subjected to different processing 
considering the same temperature. Equal uppercase letters mean that there is no 
significant difference (p>0.05, Tukey test) for temperatures considering the same 
process. 
In Annex C (Table 13, 14 and 15) it is observed that at a constant processing 
temperature (25 ° C, 45 ° C or 65 ° C), the increase in isostatic pressure causes an 
increase in the total anthocyanin content present in the raw extracts of purple corn cob. 
 
At 25 ° C for three minutes, the increase in isostatic pressure from 250 MPa 
to 650 MPa significantly increased (p <0.05) the total anthocyanin content of the 
extracts by 128%. At 45°C and at 65°C, the increases were 71% and 12%, 
respectively.  
All the isostatically pressurized processes at 25°C, 45°C and 65°C were 
statistically different with their respective controls (0.01 MPa / 25 ° C / 3 minutes, 0.01 





According to Prasad et al. (2009), the isostatic pressure, can facilitate the 
extraction of compounds of interest since it improves the insertion of the solvent, alters 
the hydrophobic bonds of the cell membrane and increases its permeability. This 
happens because the pressure causes a cell deformation, separation of the membrane 
and the cell wall, the contraction of the cell walls and protein denaturation. During 
depressurization, only proteins tend to reorganize into a new structure that does not 
depend on the effect of pressure (FDA, 2000; Paul and Morita, 1971; Ravéntos, 2003). 
Through Tables 13, 14 and 15 (Annex C), were observed that the extracts 
obtained by the processes at 650 MPa/25°C/3 minutes/, at 650 MPa/45°C/3 minutes 
and at 650 MPa/65°C/3 minutes presented 28%, 26% and 10%, respectively, more 
content of anthocyanin that the extracts obtained by static maceration at 2.5 
hours/25°C, at 2.5 hours/45°C and at 2.5 hours/65°C (p<0.05), respectively.  
The extracts processed at 650 MPa/ 65°C/3 minutes had higher 
anthocyanins content (30.69 mg / g dry weight) in comparison to the other isostatic 
processes at 25°C and 45°C. 
Figure 15 shows that the processes at 450 MPa for 3 minutes, both at 45 ° 
C and at 65 ° C, were sufficient to obtain high content of anthocyanins, between 29.76 
and 28.02 mg Cy3G / g dry weight, respectively. In addition, both processes did not 
show significant difference (p> 0.05) with the process at 650 MPa / 65 ° C / 3 minutes. 
The results obtained from the total anthocyanin content in the extracts were 
higher than those reported by Muangrat, Pongsirikul and Blanco (2018) in Thai purple 
corn cob extracts (50% ethanol-water, solid: liquid ratio 1:20) processed by ultrasound 
(wave amplitude: 50%, frequency: 20 kHz, time: 10 seconds) and by Itthisoponkul et 
al. (2018), in aqueous extracts of Thai purple corn cob (phosphate buffer pH 3, solid: 
buffer ratio 1: 7.5) processed by high isostatic pressure (200 MPa / 25 ° C / 15 minutes). 
The total anthocyanin content obtained in those extracts were 0.24 mg Cy3G / g and 
1.40 mg Cy3G / g, respectively. 
Our results suggest that isostatic pressures between 450MPa-650 MPa with 
temperatures lower than 65 ° C, achieve extracts with a high content of anthocyanins.  
The suggested is corroborated with some authors such as those carried out 
by Cao et al. (2011), which suggests that pressures between 400 MPa-600 MPa and 
temperature of 25 ° C, increase the content of anthocyanins in strawberry pulp; Barba 





42 ° C, increase the total anthocyanin content in cranberry juice and Ferrari et al. 
(2018) suggests that pressures between 400 MPa-500 MPa and temperature of 50 ° 
C, increase the total anthocyanin content in pomegranate juice. 
 
5.3.3. Extraction by Dynamic high pressure (DHP) 
The Figure 16 shows the effect of dynamic high pressure on the total 
anthocyanin content (mg Cy3G / g dry weight) in purple corn cob extracts processed 
at three temperatures, comparing with the content obtained through conventional 
technology (static maceration-2.5 hours) and non-pressurized extract in the same 















Figure 16: Total anthocyanin content of the extracts obtained by different processing 
and at different temperatures. EC for 2.5 hours, 0.01 MPa (non-pressurized) for 3 
minutes and DHP. The bars are means ± standard deviation (n = 3). Equal lowercase 
letters mean that there is no significant difference (p> 0.05, Tukey test) between the 
extracts subjected to different processing considering the same temperature. Equal 
uppercase letters mean that there is no significant difference (p>0.05, Tukey test) for 






In Annex C (Table 13, 14 and 15) the total anthocyanin content present in 
the purple corn cob extracts processed by dynamic high pressure is observed.  
At 25 ° C, the increase in dynamic pressure from 20 MPa to 60 MPa 
significantly increased (p <0.05) the total anthocyanin content in the extracts by 39%, 
at 45°C and at 65°C the increase was 18% and 33%, respectively. 
All the dynamically pressurized processes at 25 ° C, 45 ° C and 65 ° C were 
statistically different with their respective controls (0.01 MPa / 25 ° C / 3 minutes, 0.01 
MPa / 45 ° C / 3 minutes and 0.01 MPa / 65 ° C / 3 minutes). 
Through Tables 13 and 14 (Annex C), were observed that the extracts 
obtained by the processes at 20 MPa/25°C and at 20 MPa/45°C presented 32% and 
30%, respectively, more content of anthocyanin that the extracts obtained by static 
maceration at 2.5 hours/25°C and 2.5 hours/45°C (p<0.05). The process at 40 
MPa/65°C (Table 15 Annex C) only presented 5% more content than the process at 
2.5 hours /65°C. 
The extracts processed at 60 MPa / 45 ° C had higher total anthocyanin 
content(37.04 mg / g dry weight) in comparison to the other dynamically processes at 
25°C and 65°C. At 65°C the total anthocyanin content was reduced by ~18% (31.42 
mg / g dry weight). 
Figure 16, shows that the processes at 40 MPa, both at 25 ° C and at 45 ° 
C, were sufficient to obtain high content of anthocyanins, between 32.76 and 31.67 mg 
Cy3G / g dry weight, respectively. According to Souquin et al. (2004), these results are 
those expected in processes involving dynamic systems, due to the shear exerted by 
the dynamic pressure on plant cells, causing the reduction of particle size and 
consequently the extraction of metabolites.  
The results obtained from the total anthocyanin content in the extracts were 
higher than those reported by Yu et al. (2014), in mulberry juice processed by dynamic 
high pressure (200 MPa / 4 ° C). The content obtained in said extracts were 0.34 mg 
Cy3G/ ml juice.  
Our results suggest that the dynamic pressures between 40MPa-60 MPa 







Of all the processes used dynamic high pressure was the most effective in 
the extraction of anthocyanins from purple corn cob compared to the conventional 
process and by high isostatic pressure. Through table 13 (Annex C) and by statistical 
analysis, it was observed that the total anthocyanin content of the extracts processed 
by static maceration at 2.5 hours and 25 ° C were significantly lower (p < 0.05) than 
those obtained in the process by high isostatic pressure at 650 MPa / 25 ° C / 3 minutes 
and in the process by dynamic high pressure at 40 MPa / 25 ° C. The difference of 
percentage for the total anthocyanin content was 28% and 76%, respectively. 
In table 14 (Annex C), it was observed that the total anthocyanin content of 
the extracts processed by static maceration at 2.5 hours and 45 ° C were significantly 
lower (p <0.05) than those obtained in the process by high isostatic pressure at 450 
MPa / 45 ° C / 3 minutes and in the process by dynamic high pressure at 40 MPa / 45 
° C. The difference of percentage for the total anthocyanin content was 23% and 31%, 
respectively. 
Finally, according to table 15 (Annex C), it was observed that the total 
anthocyanin content that obtained the extracts processed by static maceration at 2.5 
hours and 65 ° C correspond to the contents obtained in the process by high isostatic 
pressure at 450 MPa / 65 ° C / 3 minutes and in the process by dynamic high pressure 
at 40 MPa / 45 ° C. The difference of percentage for the total anthocyanin content were 
1% and 5%, respectively. 
 
5.4.Content of Phenolic Compounds in purple corn cob extract obtained by 
different technologies 
 
5.4.1.Extraction by Static Maceration 
Figure 17 shows the content of phenolic compounds (mg of Gallic acid/ g 
dry weight or mg GAE / g dry weight) in extracts of purple corn cob processed by static 
maceration at different times and temperatures. Parameters such as the type of solvent 







Figure 17: Content of phenolic compounds of the extracts obtained by static 
maceration at different temperatures and at different times. Equal lowercase letters 
mean that there is no significant difference (p> 0.05, Tukey test) for times considering 
the same temperature. Equal uppercase letters mean that there is no significant 
difference (p>0.05, Tukey test) for temperatures considering the same time. 
 
It is observed that, at constant temperatures of 25 ° C, 45 ° C and 65 ° C, 
the highest content of phenolic compounds was obtained in the time of 2.5 hours. 
For the same temperature, the progressive increase in time caused small 
variations in the content of phenolic compounds mainly between the times of 0.5 hours 
and 1 hour (p> 0.05). When performing the statistical analysis, a significant difference 
was found (p <0.05) in the extraction of phenolic compounds in times longer than 1.5 
hours. 
On the other hand, for a same time, the progressive increase in temperature 
caused small variations in phenolic compounds mainly between the times of 25°C and 
45°C hour (p> 0.05). When performing the statistical analysis, a significant difference 





Gorriti et al. (2009b) obtained the same values of phenolic compounds as 
the extract processed at 2.5 hours / 65 ° C. Although the authors used the same raw 
material, type of solvent and solid solvent ratio, they used different temperature and 
time in the static maceration, these were 60 ° C and 60 minutes, respectively. 
 
5.4.2. Extraction by High Isostatic Pressure 
Figure 18 shows the effect of the high isostatic pressure on the content of 
phenolic compounds (mg GAE / g dry weight) in the extracts of purple corn cob 
processed at three temperatures, comparing with the contents obtained through 
conventional technology (static maceration-2.5 hours) and non-pressurized extract in 
the same temperatures. Parameters such as type of solvent and solid: solvent ratio 
















Figure 18: Content of phenolic compounds of the extracts obtained by different 
processing and at different temperatures. CE (conventional extraction) for 2.5 hours, 
non-pressurized at 0.01 MPa for 3 minutes and HIP for 3 minutes. The bars are means 
± standard deviation (n = 3). Equal lowercase letters mean that there is no significant 
difference (p> 0.05, Tukey test) between the extracts subjected to different processing 





significant difference (p>0.05, Tukey test) for temperatures considering the same 
process. 
With respect to the content of phenolic compounds, in Annex C (Table 16 
and 18) it was observed that, at a processing temperature of 25 ° C and 65°C, the 
increase in isostatic pressure caused an increase in the content of phenolic 
compounds in the extracts of purple corn cob, while, at temperatures of 45 ° C (table 
18, Annex C), the increase in isostatic pressure did not significantly increase the 
content of phenolic compounds. 
At 25 ° C and 65°C for three minutes, the increase in isostatic pressure from 
250 MPa to 650 MPa significantly increased (p <0.05) the content of phenolic 
compounds by 51% and by 12%, respectively, however, at 45°C the increase was not 
significant (p>0.05). 
All the isostatically pressurized processes at 25 ° C, 45 ° C and 65 ° C for 
three minutes were statistically different with their respective controls (0.01 MPa / 25 ° 
C / 3 minutes, 0.01 MPa / 45 ° C / 3 minutes and 0.01 MPa / 65 ° C / 3 minutes). 
Through Tables 16, 17 and 18 (Annex C), it was observed that the extracts 
obtained by the processes at 650 MPa/25°C/3 minutes, 650 MPa/45°C/3 minutes and 
650 MPa/65°C/3 minutes presented 23%, 19% and 44%, respectively, more content 
of phenolic compounds than the extracts obtained by static maceration at 2.5 
hours/25°C, 2.5 hours/45°C and 2.5 hours/65°C (p<0.05), respectively.  
The extracts processed at 650 MPa / 65 ° C / 3 minutes had higher content 
of phenolic compounds (95.21 mg Gallic acid / g dry sample) in comparison to the other 
isostatic processes at 25°C and 45°C. It should be mentioned that this process also 
obtained extracts with higher content of anthocyanins. 
The content of phenolic compounds in the extracts were higher than those 
reported by Muangrat, Pongsirikul and Blanco (2018), in Thai purple corn cob extracts 
(50% ethanol-water, solid: liquid ratio 1:20) processed by ultrasound (wave amplitude: 
50%, frequency: 20 kHz, time: 10 seconds) and by Itthisoponkul et al. (2018), in 
aqueous extracts of Thai purple corn cob (phosphate buffer pH 3, solid: liquid ratio 1: 
7.5) processed by high isostatic pressure (200 MPa / 25 ° C / 15 minutes). The content 
of phenolic compounds obtained in said extracts were 8.98 mg GAE / g dry weight and 





According to Richter et al. (1996) and Dunford et al. (2010), the pressure-
temperature interaction can act synergistically, because the pressure facilitates the 
contact of the matrix and the solvent, making the extraction in less time than a 
conventional extraction, while the temperature increases the rapid diffusion of solutes, 
interrupts the solute-matrix interactions and decreases the dielectric constant, 
equalizing the polarity of the solvent and the compounds, extracting them easily. 
Our results suggest that isostatic pressures between 450 MPa-650 MPa 
with temperatures lower than 65 ° C, achieve extracts with a high content of phenolic 
compounds. 
The effectiveness of the HIP is reflected in the reduction of the extraction 
time of bioactive to 3 minutes in comparison to the 2.5 hours used in the CE. From an 
industrial point of view, the implementation of HIP in the extraction of bioactive 
represents a high initial investment, as well as annual maintenance costs, consumption 
of electricity and water, unlike a conventional technique that is relatively cheap. Some 
technical-economic studies on the HIP process show that the cost of treatments ranges 
between 10 and 20 cents per kilo, approximately (RAVENTÓS, 2003). However, these 
costs can be reduced by optimizing the conditions of the pressure, time and 
temperature extraction process so that the working pressure and the effective volume 
required are minimized. An example of the importance of these three parameters is 
that the cost of a process at 400 MPa for 10 minutes is similar to the cost of processing 
at 1000 MPa for 2 minutes. Therefore, the combination of these conditions must be 
evaluated in order to be able to define the most effective production cost (RAVENTÓS, 
2003). On the other hand, its implementation can generate savings in the costs of stock 
of finished product, and in the acquisition of raw materials. 
 
5.4.3.Extraction by Dynamic High Pressure 
Figure 19 shows the effect of high dynamic pressure on the content of 
phenolic compounds (mg GAE / g dry sample) in the extracts of purple corn cob 
processed at three temperatures, comparing with the content obtained through 
conventional technology (static maceration-2.5 hours) and non-pressurized extract in 
the same temperatures. Parameters such as type of solvent and solid: solvent ratio 






Figure 19: Content of phenolic compounds of the extracts obtained by different 
processing and at different temperatures. EC for 2.5 hours, 0.01 MPa (non-
pressurized) for 3 minutes and DHP. The bars are means ± standard deviation (n = 3). 
Equal lowercase letters mean that there is no significant difference (p> 0.05, Tukey 
test) between the extracts subjected to different processing considering the same 
temperature. Equal uppercase letters mean that there is no significant difference 
(p>0.05, Tukey test) for temperatures considering the same process. 
 
In Annex C (Table 16 and 17) the content of phenolic compounds present 
in the purple corn cob extracts is observed. At a constant processing temperature of 
25 ° C and 45 ° C, it is observed that the increase in dynamic pressure caused an 
increase in the content of phenolic compounds. This behavior was different from that 
obtained at the temperature of 65 ° C.  According to Giusti and Wrolstad (2003), in an 
extract with a high content of phenolic compounds, such as purple corn extracts, there 
may be different structures that are easily degraded, unlike other types of phenolic 
compounds such as those of acylated structures that are more stable under adverse 






At 25 ° C for three minutes, the increase in dynamic pressure from 20 MPa 
to 60 MPa significantly increased (p <0.05) the content of phenolic compounds by 84%, 
however, at 45°C and at 65°C the increases were not significant (p>0.05). 
In the table 16 and table 17 (Annex C), it was observed that all the 
dynamically pressurized processes at 25 ° C and at 45 ° C were statistically different 
(p<0.05) with their respective controls (0.01 MPa / 25 ° C / 3 minutes and 0.01 MPa / 
45 ° C / 3 minutes). In the same tables (17 and 18, Annex C), it was observed that the 
extract obtained by the processes at 20 MPa/25°C and 20 MPa/45°C presented 32% 
and 43%, respectively, more content of phenolic compounds than the extracts obtained 
by static maceration at 2.5 hours/25°C and 2.5 hours/45°C (p<0.05), respectively.  
At 65 °, the increase in dynamic pressure from 20 MPa to 60 MPa did not 
show a significant increase in the content of phenolic compounds. The extracts 
processes at 40 MPa and 60 MPa obtained lower content of phenolic compounds than 
the extracts processed at 20 MPa. It can be inferred a degradation of phenolic 
compounds, due to various external factors, such as process and storage conditions, 
since the phenolic compounds are very unstable (ZAPATA, SEPULVEDA-VALENCIA 
& ROJANO, 2015; SAIKAEW et al., 2017). According to Kaneiwa et al. (2013), the 
increase in dynamic pressure brings with it an additional increase in temperature 
(~10°C) and a greater exposure of pigments present in plant materials.  
The degradation of phenolic compounds follows a first order kinetics 
(TORRES & VIDAURRE, 2015). The thermal processes dissociate the phenolic 
compounds of the cellular structure by modification of lignins and polysaccharides, and 
due to their low instability can be degraded to phenol derivatives when the conditions 
are very intense (XU & CHANG, 2008; ARINOLA & ADESINA, 2014; MURADOR et 
al., 2016). These compounds can be degraded forming isomers and low molecular 
weight compounds. It is also possible that participate in the formation of polymeric 
material such as melanoidins (CLIFFORD, 2000) 
The results obtained from phenolic compounds in the extracts were higher 
than those reported by Karacam et al. (2015), in strawberry juice processed by high 
dynamic pressure (60 MPa / room temperature / 2 steps) and by Yu et al. (2014), in 
mulberry juice processed by high dynamic pressure (200 MPa / 4 ° C). The content of 
phenolic compounds obtained in said extracts were 0.583 mg GAE / ml juice and 2.06 





Our results suggest that the dynamic pressures between 20 MPa-40 MPa 
with temperatures lower than 65 ° C, achieve extracts with a high content of phenolic 
compounds. 
The effectiveness of DHP in the extraction is reflected mainly in its capacity 
to cause cellular interruption as a first step in the reduction of the size of particles and 
to release desired biomolecules, due to the cavitation, turbulence and shear 
phenomenon (BEE INTERNATIONAL, 2019; FLOURY et al., 2004; in comparison to 
the CE, which keeps the particle size constant during all the time of the process, 2.5 
hours. At an industrial level, the implementation of DHP does not generate an initial 
investment as high as the acquisition of HIP equipment or polluting waste, which can 
lead to economic sanctions, such as the CE (VERDUGO & LAZO, 2010). Although the 
samples are placed already prepared in the equipment as well as the maceration, the 
economic benefits of the DHP is based in the reduction of production costs, costs for 
transfer and disposal of waste and the efficient use of raw materials, solvent and 
electrical energy. However, as a new technology, the methodologies for optimum 
performance must be taken into account. Some dynamic high pressure equipment can 
reduce the particles up to 0.01 um and as an additional advantage, achieve in fewer 
passes; 90% reduction in size of the sample, improving overall efficiency and product 
quality (BEE INTERNATIONAL, 2019). 
Of all the processes used, the technology by dynamic high pressure was 
the most effective in the extraction of phenolic compounds from purple corn cob 
compared to the conventional process and by high isostatic pressure. Through table 
16 (Annex C) and by statistical analysis, it was observed that the content of phenolic 
compounds of the extracts processed by static maceration at 2.5 hours and 25 ° C 
were significantly lower (p < 0.05) than those obtained in the process by high isostatic 
pressure at 650 MPa / 25 ° C / 3 minutes and in the process by dynamic high pressure 
at 40 MPa / 25 ° C. The difference of percentage was 23% and 65%, respectively. 
In table 17 (Annex C), it was observed that the content of phenolic 
compounds of the extracts processed by static maceration at 2.5 hours and 45 ° C 
were significantly lower (p <0.05) than those obtained in the process by high isostatic 
pressure at 450 MPa / 45 ° C / 3 minutes and in the process by dynamic high pressure 





Finally, according to table 18 (Annex C), it was observed that the content of 
phenolic compounds of the extracts processed by static maceration at 2.5 hours and 
65 ° C correspond to the contents obtained in the process by high isostatic pressure 
at 450 MPa / 65 ° C / 3 minutes and in the process by dynamic high pressure at 40 
MPa / 45 ° C. The differences of percentages were 43% and 2%, respectively. 
 
5.5. Color analysis of purple corn cob extracts 
 
5.5.1.Static Maceration 
In this study, the effect of process by static maceration on the chromatic 
parameters of the extract of purple corn cob was evaluated using the CIELAB 
coordinates is presented in Table 7. 
The table 7 shows that in all processes, the color of the extract was 
represented by the color blue when having negative values for b *, noticing a slight 
tendency to yellow color, while the values of a * show a tendency to red color.  
After one hour of extraction, the increase of 25 ° C to 65 ° C significantly 
altered the brightness values (p <0.05), but did not significantly alter (p> 0.05) the 
values of the coordinate a*, coordinate b* and hue angle, obtaining extracts according 
to the cylindrical chromatic space CIE-L * C * h°, with a tendency to blue-violet color. 
According to Patras et al. (2009), a* values tend to decrease following thermal 





Table 7: Colorimetric parameters (L*, a *, b *, C and h °) in the purple corn cob extracts obtained at different times and at different 
temperatures. 
*Colorimetric parameters (L*, a*, b*, C* and h°) of the extracts obtained by static maceration at different times and at different temperatures. Equal lowercase 
letters mean that there is no significant difference (p> 0.05) for times considering the same temperature. Equal uppercase letters mean that there is no 








0.5 23.10±0.04aA 0.03±0.07aA -0.44±0.01aA 0.45±0.01aA 274.13±11.52aA 
1 23.09±0.04aB 0.14±0.05aA -0.39±0.05aB 0.42±0.06aA 289.40±7.02aA 
1.5 23.07±0.02aA 0.06±0.12aA -0.41±0.07aA 0.43±0.04aA 279.25±2.16aA 
2 23.05±0.06aA 0.09±0.03aA -0.46±0.05aA 0.47±0.04aA 281.09±4.79aA 




0.5 23.05±0.09aA -0.13±0.05aA -0.39±0.10aA 0.42±0.11aA 252.06±5.31aA 
1 23.02±0.04aBA 0.06±0.04aAB -0.35±0.04aB 0.36±0.03aA 280.17±8.81aAB 
1.5 22.98±0.01aB -0.11±0.00aA -0.45±0.09aA 0.46±0.09aA 256.41±2.04aA 
2 23.00±0.01aA -0.03±0.09aA -0.41±0.02aA 0.42±0.04aA 267.15±14.83aA 




0.5 23.01±0.01bA -0.07±0.07aA -0.42±0.11aA 0.43±0.12aA 261.96±10.38aA 
1 22.99±0.01abA -0.07±0.07aB -0.42±0.02aB 0.43±0.03aA 261.10±1.38aB 
1.5 22.99±0.01abB -0.04±0.10aA -0.41±0.08aA 0.42±0.10aA 266.65±13.94aA 
2 22.99±0.01abA 0.07±0.03aA -0.38±0.03aA 0.39±0.04aA 280.15±5.01aA 
2.5  22.98±0.01aA -0.02±0.01aA -0.42±0.10aA 0.42±0.10aA 267.61±2.07aA 
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5.5.2.High Isostatic Pressure 
In this study, the effect of the isostatic pressure on the colorimetric 
parameters of the extract of purple corn cob was evaluated using the CIELAB 
coordinates presented in Table 8. 
In Table 8 shows that the brightness parameter was not altered significantly 
(p> 0.05) with increasing isostatic pressure at a constant temperature of processing. 
The aforementioned agrees with the studies conducted by Keenan et al. (2010), in fruit 
smoothies, and by Patras et al. (2009), in strawberry puree, both processed by high 
isostatic pressure. According to these authors, the variation of the color would be more 
associated to thermal processing than to pressurized processes. 
The processes that had lower brightness presented higher total anthocyanin 
content and increased content of phenolic compounds, showing an inverse 
relationship. This type of inverse relationship was also obtained by Saikaew et al. 
(2018) when processed Thai purple corn grains by high hydrostatic pressure (700 
MPa/ 30 minutes/ room temperature), by Monroy et al. (2016b) when processed 
extracts of Peruvian purple corn cob by supercritical fluids (400 bar / 50 ° C / 390 
minutes / three sequential extractions with SCO2, ethanol and water) and by Yang et 
al. (2009) in extracts of Chinese purple corn (mixture of 80% concentrated ethanol at 
95% and 15% concentrated HCl at 1.5 N, solid: liquid ratio 1:20) processed by static 
maceration (70 ° C / 90 minutes). 
In all processes, the color of the extract was represented by the blue color 
when having negative values for b *, noticing a slight tendency to yellow color, while 
the values of a * show a tendency to red color, which according to Monroy et al. 
(2016b), is considered the most important coordinate of the color because it allows to 
know if the pigments are in their most stable form, the flavylium cation. 
At 25 ° C and at 65°C for three minutes, the increase from 250 MPa to 650 
MPa did not significantly alter (p> 0.05) the values of the coordinate a * and b *. 
Extracts processed at 650 MPa / 25 ° C / 3 minutes, 650 MPa / 45 ° C / 3 
minutes and 650 MPa / 65 ° C / 3 minutes were those with the highest values of the a 





According to Terefe et al. (2009), in processes with pressure-temperature 
interactions, the parameter a * is mainly affected by the temperature rather than by the 
isostatic pressure and that the value of a * would depend only on the isostatic pressure 
if the process is carried out at room temperature. This corroborates with the results 
obtained in this work. 
With regard to the hue angle, in the processes at 25 ° C, 45°C and 65°C for 
three minutes, the increase in isostatic pressure from 250 MPa to 650 MPa did not 
significantly alter (p> 0.05) the hue angle. In all these processes, hue angles were 
obtained in the range of 247.08 ° to 274.02 ° which, according to the CIE-L * C * hº 
cylindrical chromatic space, values between 180º and 270º indicate a trend that ranges 
from green to blue. At 315 ° the trend is from blue to violet, until it is defined in the latter 
color (GQC, 2010, PADRÓN et al., 2012). 
Concerning to the chroma, for the processes at 25 ° C for three minutes, the 
increase in isostatic pressure from 250 MPa to 450 MPa significantly alter the values 
(p< 0.05), while at 45°C and 65 ° C these values were not significantly altered. In all 
processes chroma values are within the range of 0.33 and 0.54, similar to those 
reported by Monroy et al. (2016b) in extracts of Peruvian purple corn cob processed 
by supercritical fluids (400 bar / 50 ° C / 390 minutes / three sequential extractions with 
SCO2, ethanol and water). 
The results of colorimetric parameters suggest that the most processes for 
high isostatic pressures do not significantly alter the L* values and hue angle (h°) in 
the purple corn cob extracts, but if altered the parameter a*,b* and C*. 
 
Table 8: Colorimetric parameters (L*, a *, b *, C and h °) in the purple corn cob extracts 
processed by high isostatic pressure for three minutes at three temperatures, 
comparing with the parameters obtained through conventional technology (static 








*Colorimetric parameters (L*, a*, b*, C* and h°) of the extracts obtained by different processing and at different temperatures. CE (conventional extraction) for 
2.5 hours, 0.01 MPa (non-pressurized) for 3 minutes and HIP for three minutes. The bars are means ± standard deviation (n = 3). Equal lower-case letters 
mean that there is no significant difference (p> 0.05, Tukey test) between the extracts subjected to different processing considering the same temperature. 
Equal uppercase letters mean that there is no significant difference (p>0.05, Tukey test) for temperatures considering the same process. 
 
 
Temperature Process Conditions L* a* b* C* h° 
25°C 
0.01 MPa, 3 minutes 23.29±0.25aA -0.21±0.02cB -0.49±0.02cC 0.53±0.02aA 247.08±1.14bB 
250 MPa, 3 minutes 23.26±0.22aA -0.12±0.03bcB -0.50±0.03cB 0.54±0.04aA 247.95±2.58bC 
450 MPa, 3 minutes 23.14±0.10aA -0.08±0.02abA -0.39±0.01aB 0.40±0.01bA 258.09±3.38bA 
650 MPa, 3 minutes 23.12±0.01aB -0.12±0.06bcB -0.45±0.02bcB 0.47±0.03abA 255.42±7.06bA 
CE (2.5 horas) 23.05±0.06aA 0.04±0.04aA -0.43±0.01abA 0.43±0.02bA 274.69±6.38aA 
45°C 
0.01 MPa, 3 minutes 23.09±0.02a A -0.05±0.01aA -0.39±0.02aB 0.48±0.02aA 255.45±0.61aA 
250 MPa, 3 minutes 23.10±0.01aA -0.12±0.00aB -0.46±0.02bB 0.43±0.02abB 261.87±4.13aB 
450 MPa, 3 minutes 23.08±0.06aA -0.06±0.02aA -0.42±0.02abB 0.40±0.01abA 262.00±2.83aA 
650 MPa, 3 minutes 23.09±0.02aAB  0.03±0.03aA -0.37±0.02aA 0.38±0.02bB 271.00±2.06aA 
CE (2.5 horas) 23.00±0.01aA -0.03±0.12aB -0.40±0.04abA 0.41±0.06abA 267.41±18.94aA 
65°C 
0.01 MPa, 3 minutes 23.07±0.03bA -0.05±0.02abA -0.34±0.01aA 0.35±0.01aB 262.41±1.96aA 
250 MPa, 3 minutes 23.09±0.01bA  0.01±0.01aA -0.33±0.03aA 0.33±0.03aC 254.67±9.40aA 
450 MPa, 3 minutes 23.03±0.01bA -0.09±0.06bA -0.33±0.02aA 0.35±0.20aA 274.32±4.53aA 
650 MPa, 3 minutes 23.07±0.05bB  0.03±0.01aA -0.35±0.03aA 0.37±0.01aB 260.83±14.09aA 
CE (2.5 horas) 22.99±0.01aA -0.02±0.01abB -0.42±0.10aA 0.42±0.10aA 267.61±2.07aA 
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5.5.3.Dynamic high pressure 
In this study, the effect of the dynamic pressure on the chromatic 
parameters of the extract of purple corn cob was evaluated using the CIELAB 
coordinates presented in Table 9. 
Table 9 shows that the brightness parameter was not significantly altered 
(p> 0.05) with the increase in dynamic pressure at a constant processing temperature 
of 25 ° C and 65 ° C. However, for the processes at 45 ° C, the increase in dynamic 
pressure from 20 MPa to 60 MPa significantly altered (p <0.05) the brightness. 
The process that showed the lowest brightness was the one with the highest 
total anthocyanin content and phenolic compounds (60 MPa / 45 ° C). According to 
Martinez-Sanchez et al. (2016), the reduction of particles, caused by the dynamic high 
pressure, can cause low brightness values due to the main extraction of pigments that 
give reddish coloration to plant extracts. 
All the processes presented values of a * positive and values of b * negative, 
which indicates that the extracts are represented by the color red and a tendency to 
yellow, respectively. These color trends resemble those reported by Monroy et al. 
(2016b), in purple corn cob extract processed by supercritical fluids (400 bar / 50 ° C / 
390 minutes / three sequential extractions with SCO2, ethanol and water), and by 
Itthisoponkul et al. (2018), in aqueous extracts of purple Thai corn cob (phosphate 
buffer pH 3, solid: liquid ratio 1: 7.5) processed by high isostatic pressure (200 MPa / 
25 ° C / 15 minutes). 
At 25 ° and 65°C the increase in dynamic pressure from 20 MPa to 60 MPa 
did not significantly alter (p> 0.05) the values of the coordinates a * and b *. At 45°C 
the a* values were altered. These extracts processed at 45 ° C obtained the highest 
values of the coordinate b * and a *, according to Monroy et al. (2016a), a* values in 
the extracts is of greater interest in an investigation because correspond to a more 
reddish hue, indicating the presence of phenolic compounds  and, consequently, its 
high extraction. 
Regarding the hue angle, at a constant processing temperature either 25 ° 
C, 45 ° C or 65 ° C, the increase in dynamic pressure did not significantly alter (p> 
0.05) the hue angles. All the processes presented hue angles within the range of 
270.18 ° and 292.09 °, these values were higher than those obtained in the processes  
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by high isostatic pressure (Table 8), in the controls at 0.01 MPa / 25 ° C / 3 minutes, 
0.01 MPa / 45 ° C / 3 minutes and 0.01 MPa / 65 ° C / 3 minutes and in the processes 
by static maceration (2.5 hours/25°C, 2.5 hours/45°C and 2.5 hours/65°C). Taking as 
reference the cylindrical chromatic space CIE-L * C * hº proposed by Padrón et al. 
(2012) the hue angles correspond to the blue-violet color. 
As far as the chroma is concerned, at a temperature of 25 ° C and 65 ° C, 
the increase in dynamic pressure from 20 MPa to 60 MPa did not significantly alter (p> 
0.05) the values of chroma, unlike the processes at 45 ° C, in which the increase in 
dynamic pressure from 20 MPa to 60 MPa significantly altered (p <0.05) these values. 
The processes that obtained higher values of hue angle and chroma (Table 
9) were those that obtained high values of the coordinate a * and higher total 
anthocyanin content (Figure 18), results consistent with those reported by Monroy et 
al. (2016a), in Peruvian purple corn cob extracts (mixture of 68% CO2 and 32% ethanol 
concentrated at 70%, solid ratio: 1:10 liquid) processed by supercritical fluids (400 bar 
/ 50 ° C/ unspecified time), and by Yang et al. (2009), in Chinese purple corn extracts 
(mixture of 80% concentrated ethanol at 95% and 15% concentrated HCl at 1.5 N, 
solid: liquid ratio 1:20) processed by static maceration (70 ° C / 90 minutes). 
The results of this work suggest that processes with dynamic pressures 
between 20 and 40 MPa, and temperatures lower than 65 ° C, did not significantly alter 
to all colorimetric parameters of the purple corn cob extracts. 
 
Table 9: Colorimetric parameters (L*, a *, b *, C and h °) in the purple corn cob extracts 
obtained dynamic high pressure at three temperatures, comparing with the parameters 
obtained through conventional technology (static maceration-2.5 hours) and non-
pressurized extract in the same temperatures. 
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*Colorimetric parameters (L*, a*, b*, C* and h°) of the extracts obtained by different processing and at different temperatures. CE (conventional extraction) for 
2.5 hours, 0.01 MPa (non-pressurized) for 3 minutes and DHP. The bars are means ± standard deviation (n = 3). Equal lower-case letters mean that there is no 
significant difference (p> 0.05, Tukey test) between the extracts subjected to different processing considering the same temperature. Equal uppercase letters 
mean that there is no significant difference (p>0.05, Tukey test) for temperatures considering the same process. 
All the processes used, presented similar values of colorimetric parameters. Although the extracts obtained by high dynamic pressure 
showed relatively lower values of brightness and relatively higher values of hue angle and coordinate a * compared with the 
conventional process, on the other hand, compared to the process by high pressure isostatic, these were not significantly different 
(p>0.05). The figure 20 shows a visual appearance of purple corn cob extracts. The extracts processed by static maceration showed 
a less reddish coloration than the extracts processed by isostatic pressure and dynamic high pressure, which can be an indicator of 
the presence of pigments.  
Temperature Process Conditions L* a* b* C* h° 
25°C 
0.01 MPa, 3 minutes 23.29±0.25aA -0.21±0.02cB -0.49±0.02cC 0.53±0.02aA 247.08±1.14bB 
20 MPa 23.05±0.00aA 0.10±0.03abA -0.37±0.01acA 0.38±0.01bcB 286.12±4.84abA 
40 MPa 23.04±0.02aA 0.10±0.03abA -0.32±0.01aA 0.33±0.01cB 286.64±5.73abA 
60 MPa 23.04±0.01aB 0.14±0.03aA -0.35±0.04aA 0.38±0.04bcB 292.09±4.52aA 
CE (2.5 horas) 23.05±0.06aA 0.04±0.04aA -0.43±0.01abA 0.43±0.02bA 274.69±6.38aA 
45°C 
0.01 MPa, 3 minutes 23.09±0.02a A -0.05±0.01aA -0.39±0.02aB 0.48±0.02aA 255.45±0.61aA 
20 MPa 23.08±0.02bA 0.15±0.02aA -0.42±0.02aAB 0.44±0.02bAB 289.67±3.14aA 
40 MPa 21.26±1.29abA 0.13±0.07abAB -0.47±0.03abB 0.50±0.02abA 285.61±8.97aA 
60 MPa 19.09±0.44aA 0.00±0.05bB -0.57±0.06aB 0.58±0.06aA 270.20±4.49abA 
CE (2.5 horas) 23.00±0.01aA -0.03±0.12aB -0.40±0.04abA 0.41±0.06abA 267.41±18.94aA 
65°C 
0.01 MPa, 3 minutes 23.07±0.03bA -0.05±0.02abA -0.34±0.01aA 0.35±0.01aB 262.41±1.96aA 
20 MPa 23.00±0.01aA 0.00±0.03aB -0.49±0.04bB 0.49±0.04aA 270.18±3.24abB 
40 MPa 22.99±0.01aA 0.05±0.04aB -0.51±0.00bB 0.51±0.00aA 264.60±4.58abB 
60 MPa 22.82±0.25aB 0.03±0.00aB -0.51±0.02bB 0.51±0.02aA 273.37±0.37aB 
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5.6.In vitro study on the antioxidant activity of purple corn cob extracts 
processed by dynamic high pressure, high isostatic pressure and static 
maceration. 
The Table 10 shows a comparison of the antioxidant activity of the 
non-pressurized extracts, processed by high isostatic pressure (HIP), by dynamic 
high pressure (DHP) and by static maceration (CE) in the conditions that showed 
the most content of bioactive compounds. The antioxidant activity of the extracts 
was determined according to the FRAP and ORAC assays, both expressed in 
μM Trolox / g dry weight or μM TE / g dry weight. 
 
Table 10: Comparative of the antioxidant activity as determined by the ORAC and 
FRAP assays in the conditions of greater efficiency of the technologies. 
*The data are presented as the means ± standard deviation (n = 3). Equal letters 
indicate that there are no significant differences between the different process 




Antioxidant Activity (μM TE/g dry weight) 
Process Variables FRAP ORAC 
Non-pressurized 0.01 MPa/25°C/3 minutes 312.51±11.14 e 980.55±42.32 de 
 0.01 MPa/45°C/3 minutes 480.87±41.67 de 1222.77±74.50 bcd 
 0.01 MPa/65°C/3 minutes 753.34±16.03 abc 1145.39±46.63 cd 
HIP 650 MPa/25°C/3 minutes 722.48±64.32 abc 860.82±12.86 ef 
 650 MPa/45°C/3 minutes 788.60±25.64 abc 1225.45±61.94 bcd 
 650 MPa/65°C/3 minutes 880.66±79.44 ab 1056.43±43.35 cde 
DHP 60 MPa/25°C 929.31±19.57 a 1519.68±33.12 a 
 60MPa/45°C 704.07±58.89 abcd 1440.70±21.93 ab 
 60 MPa/65°C 753.14±32.25 abc 1329.93±49.42 abc 
CE 2.5 hours/25°C 591.96±39.57 cd 849.31±22.36 ef 
 2.5 hours/45°C 509.09±44.12 de 999.52±16.82 ed 





The antioxidant activity of the non-pressurized extracts but processed 
at temperatures of 25 ° C, 45 ° C and 65 ° C for 3 minutes were 312.51, 480.87 
and 753.34, respectively, according to FRAP and 980 μM TE / g dry weight, 
1222.77 μM TE / g dry weight and 1145.39 μM TE / g dry weight, respectively, 
according to ORAC. 
The extracts processed at 2.5 hours/ 65 ° C showed the highest 
antioxidant activity within the process by static maceration (EC), these values 
were 676.75 μM TE / g dry weight and 682.29 μM TE / g dry weight, according to 
FRAP and ORAC, respectively. 
Within the technologies by high pressure, the extract processed by 
DHP at 60 MPa and 25 ° C, presented 36% more antioxidant activity than the 
extract processed by static maceration at 2.5 hours/ 65 ° C. The contents were 
929.31 μM TE / g dry weight (p<0.05) and 1519.68 μM TE / g dry weight (p<0.05), 
according to FRAP and ORAC, respectively. These results were followed by the 
extracts processed by HIP at 650 MPa / 65 ° C / 3 minutes, which also showed 
high values of antioxidant activity, 30% more antioxidant activity than the extract 
processed at 2.5 hours/ 65 ° C, being  880.66 μM TE / g dry weight (p>0.05) and 
1056.43 μM TE / g dry weight (p<0.05), according to FRAP and ORAC, 
respectively. 
According to Tian et al. (2018) polar antioxidant compounds have a 
greater reducing capacity, so it is inferred that the antioxidant activity of the 
extracts obtained by high pressure technologies was higher, due to the greater 
presence of phenolic compounds (SAIKAEW et al., 2018; WANG et al., 2014; LIU 
et al., 2016). 
The methodologies used revealed that the values of antioxidant 
activity of the purple corn cob extracts processed by high pressure technologies 
were significantly higher than the values obtained for the conventional extraction, 
these results are consistent considering that the extracts processed by high 
pressure presented higher content of phenolic compounds that act as 
antioxidants (KHAN & MUKHTAR, 2007; PETTI & SCULLY, 2009). In addition, 
several studies show the direct relationship between the antioxidant activity and 
the content of these compounds (WANG et al. al., 2016; ANDRÉS et al., 2016; 




The FRAP and ORAC values show differences due to the methodology of each 
one and to the different compounds that these identify. The ORAC assay is based 
on the mechanism of transfer of hydrogen atoms, and measures the ability of an 
antioxidant to stabilize a free radical by transferring hydrogen atoms, while the 
FRAP assay, is based on the mechanism of electron transfer and measures the 
ability of an antioxidant to transfer an electron and reduce a compound. The 
FRAP assay cannot detect compounds that act by the mechanism of hydrogen 
atom transfer, underestimating the antioxidant potential of mixtures containing, 
for example, thiols. Also, not all reducing compounds are antioxidants and there 
are antioxidants that are not able to carry out this reaction, which can give 
negative results in the FRAP (PRIOR & CAO, 1999; LONDOÑO, 2019). 
 
The Table 11 presents a comparison of the extraction of anthocyanins, 
phenolic compounds, antioxidant activity and brightness of purple corn cob 
extracts processed by conventional method (static maceration) and by high 
pressure technologies (HIP and DHP), in the conditions of greater extraction 
efficiency of the bioactive compounds. 
 
Table 11: Comparison of the extraction of total anthocyanin content, phenolic 
compounds content, antioxidant activity and brightness of purple corn cob 
extracts processed by HIP, DHP and CE, in the conditions of greater extraction 































































*Different letters mean that there is a significant difference (p <0.05, Tukey test) between 
the contents of bioactive compounds, antioxidant activity and the color of the extracts 
subjected to different processes. 
 
The purple corn extracts showed a promising antioxidant activity in the 
methodologies evaluated and a high content of phenols (Figures 18 and 19). The 
correlation coefficient was calculated between the phenolic compounds and the 
antioxidant activity to have an idea of the mechanism of action of the antioxidants 
present in the samples analyzed. In addition, the correlation between 
anthocyanin, luminosity and phenolic compounds were also made. 
In the extraction processes at 25 ° C, it was determined that there is 
an excellent correlation (r> 0.9) between the content of anthocyanin with the 
content of phenolic compounds and a good correlation (r> 0.8) with brightness. 
The content of phenolic compounds showed a good correlation (r> 0.8) with the 
antioxidant activity (ORAC) (Annex G, Table 20).  
In the processes at 45 ° C, it was determined that there is an excellent 
correlation (r> 0.9) between the content of anthocyanin with the content of 
phenolic compounds and a correlation r= 0.67 with brightness. The antioxidant 
activity (FRAP) showed an acceptable correlation (r> 7) with the content of 
phenolic compounds (Annex G, Table 21).  
At 65°C, the content of anthocyanin showed low correlation r= 0.54 
with the brightness and with the phenolic compounds r=0.45, this low correlation 
would be due to the various organic interferers such as sugar, ascorbic acid, 
acids organics, proteins, tryptophan, among others, and inorganics such as 
hydrazine, iron sulfate, manganese sulfate, potassium sodium phosphate, 
sodium sulfite, zinc chloride, among others (BOX, 1983, IKAWA et al., 2003 ; 
PRIOR, WU & SCHAICH, 2005). For its part, the antioxidant activity (FRAP) 
showed an acceptable correlation (r> 7) with the content of phenolic compounds 
and (Annex G, Table 22). 
In the results of phenolic compounds and antioxidant activity, to show 
a good correlation one can say that most of the phenolic compounds contained 
in the extracts are good antioxidants and mostly expressed well as reducing 
agents that react primarily by a mechanism of electron transfer (MESA-




between phenolic compounds and antioxidant activity were higher when using 
the values given by the FRAP methodology (Annex G, Table 21 and 22), this 
suggests that it is the most adequate to determine the antioxidant activity given 
by phenolic compounds in purple corn. 
 
5.7.LC-MS/MS Identification of anthocyanin from purple corn cob extracts 
processed by dynamic high pressure, high isostatic pressure and static 
maceration. 
The figure 21, 22 and 23 show the anthocyanin present in the extract 
processed by high isostatic pressure (HIP), by dynamic high pressure (DHP) and 
by static maceration (CE) in the conditions that showed the most content of 
anthocyanin. The identification of anthocyanin of the extracts was determined by 
Ultra-Performance Liquid Chromatography - Tandem Mass Spectrometry (LC-
MS / MS).  
In addition, the figures in Annex F show two chromatograms for each sample: MS 
(mass chromatogram) and Mass (chromatogram of mass extracted from the 
compounds described in the research of Pascual- Teresa et al., 2002). The figure 
29 and 30 (Annex F) show the chromatograms for the extract obtained by 
conventional extraction, the figure 31 ad 32 (Annex F) for the extract obtained by 
high isostatic pressure and the figure 33 and 34 (Annex F) for the extract obtained 





























Figure 21: Chromatograms obtained at 520 nm by LC-MS/MS of high isostatic 
pressure process, highlighting the majority anthocyanins present in the corn 
purple. (1) cyanidin-3-glucoside; (2) pelargonidin-3- glucoside; (3) peonidin-3-

































































































































































































Figure 22: Chromatograms obtained at 520 nm by LC-MS/MS of dynamic high 
pressure process, highlighting the majority anthocyanins present in the corn 
purple. (1) cyanidin-3-glucoside; (2) pelargonidin-3- glucoside; (3) peonidin-3-
















Figure 23: Chromatograms obtained at 520 nm by LC-MS/MS of dynamic high 
pressure process, highlighting the majority anthocyanins present in the corn 
purple. (1) cyanidin-3-glucoside; (2) pelargonidin-3- glucoside; (3) peonidin-3-
glucoside; (4) Cyanidin-3-(6-malonylglucoside) and (5)  Pelargonidin-3-(6-
malonylglucoside). 
 
Seven types of anthocyanin, shown in the table 12 (Annex F), were 
identified. These were identified as cyanidin-3-glucoside, pelargonidin-3-
glucoside, peonidin-3-glucoside and their respective malonyl derivates. The first 
peak may reveal the presence of a dimer formed condensing reactions between 
different flavonoids (PASCUAL-TERESA et al., 2002). 
The extract obtained by static maceration at 2.5 hours and 65 ° C had 



























































































peonidin-3-glucoside, followed by the extracts processed by dynamic high 
pressure (60 MPa/45°C) and high isostatic pressure (650 MPa/65°C/3 minutes). 
 In this study, some anthocyanins from the purple corn cob extracts 
were similar to those found by Aoki et al. (2001), in an extract of purple corn 
seeds, and Pascual-Teresa et al. (2002), in a commercial extract of purple corn, 
but different from those reported by Yang et al. (2009) that did not detect the 
presence of the malonyl derivatives. The presence of one or more acyl groups in 
the anthocyanin molecules makes them more stable to thermal degradation than 
their non-acylated forms. According to Falcão et al. (2003) in a sample of plant 
origin can be found acylated anthocyanins, which have cinnamic and / or malonic 
acid residues esterified to sugars, and non-acylated anthocyanins 
The anthocyanin compounds such as cyanidin, pelargonidin and 
peonidin were formed by the structural variations of the aglycones present in the 
anthocyanin structure. According to Hrazdina et al. (1970), Robinson et al. (1966) 
and Van Buren et al. (1968), these structural variations lead to an increase in pH 
stability and thermal stability. If the aglycone is hydroxylated, its stability 
decreases and presents a blue tone and if it is methoxylated it increases the 
stability and presents a red hue. 
Adams (1873) cited by Narvaez (2016) states that in an interval of pH 
2-4, as the temperature increases, the glycosidic bonds hydrolyze and the 
aglycones become chalcone (its most unstable form). 
The various anthocyanins found in the extracts studied make it a new 


















This study showed that both the increase in isostatic pressure and the 
increase in dynamic pressure had a positive effect on the extraction of bioactive 
compounds in purple corn cob extracts.  
The synergistic effect of the binomial isostatic pressure-temperature 
as 650 MPa, 65 ° C for 3 minutes and dynamic pressure -temperature as 60 MPa 
at 45 ° C allow to obtain extracts of purple corn cob with high content of bioactive 
compounds and high antioxidant activity affecting its coloration. In the processes 
by high pressure technologies, extracts with higher contents of bioactive 
compounds were obtained in less time than the conventional extraction. 
The application of the technology by high isostatic pressure with 
pressures and temperatures between 250 MPa-450 MPa and 25°C-45°C, 
respectively, favored the extraction of bioactive compounds from purple corn, 
increasing the content by ~30% compared to a conventional process of 2.5 
hours. 
The application of the technology by dynamic high pressure with 
pressures and temperatures between 20 MPa-40 MPa and 25°C-45°C, also 
favored the extraction of bioactive compounds from purple corn, increasing the 
content by ~50% compared to a conventional process of 2.5 hours. 
Of all the technologies used, high dynamic pressure technology was 
the one that extracts greater bioactive compounds from purple corn cob. 
Although the effect of the process by high isostatic pressure is well 
known in the extraction of bioactive compounds from plant tissues, the dynamic 
high-pressure process is not, so it arises as a promising, alternative and potential 
technology to improve the extraction of compounds bioactive and quality 
attributes, can also be used with various plant materials allowing the development 
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B.1. Standard curve for phenolic compounds 

























































































C.1. Contents of bioactive compounds of the purple corn cob extracts 
obtained by processing in high isostatic pressure, by dynamic high 
pressure processing and by static maceration at different temperatures. 
 
Table 13: Total anthocyanin content in purple corn cob extracts obtained at 25 ° 
C in processes by high isostatic pressure in three minutes varying pressures, by 
dynamic high pressure varying pressures and by static maceration varying times. 
In all the processes were varied and the type of solvent ethanol-water at 20% (pH 




Content (mg Cy3G/g 
dry weight) 
High Isostatic Pressure 
250 MPa 10.44±0.45 cH 
450 MPa 12.58±0.18 bG 
650 MPa 23.76±0.91 aB 
Dynamic high pressure 
20 MPa 24.08±1.16 bB 
40 MPa 32.76±0.84 aA 
60 MPa 33.47±0.35 aA 
Static Maceration 
0.5 horas 13.57±0.37 dFG 
1 hora 14.76±0.53 cEF 
1.5 horas 15.68±0.39 cDE 
2 horas 16.88±0.26 bCD 
2.5 horas 18.51±0.14 aC 
*Equal lowercase letters mean that there is no significant difference between the 
different extracts subjected to processing in the same technology.  
**Equal Uppercase letters mean that there is no significant difference between 








Table 14: Total anthocyanin content in purple corn cob extracts obtained at 45 ° 
C in processes by high isostatic pressure in three minutes-varying pressures, by 
dynamic high pressure varying pressures and by static maceration varying times. 
In all the processes temperatures were varied and the type of solvent ethanol-
water at 20% (pH 2) and solid: solvent ratio 1:30 were kept constant. 
*Equal lowercase letters mean that there is no significant difference between the 
different extracts subjected to processing in the same technology.  
**Equal Uppercase letters mean that there is no significant difference between 














(mg Cy3G/g dry weight) 
High Isostatic Pressure 
250 MPa 17.76±1.37 bE 
450 MPa 29.76±1.45 aB 
650 MPa 30.30±0.24 aB 
Dynamic high pressure 
20 MPa 31.39±1.94 bB   
40 MPa 31.67±0.98 bB 
60 MPa 37.04±0.50 aA 
Static Maceration 
0.5 horas 18.57±0.23 cE 
1 hora 19.34±0.50 bcE   
1.5 horas 19.62±0.55 bE  
2 horas 24.57±0.04 aC  




Table 15: Total anthocyanin content in purple corn cob extracts obtained at 65 ° 
C in processes by high isostatic pressure in three minutes-varying pressures, by 
dynamic high pressure varying pressures and by static maceration varying times. 
In all the processes temperatures were varied and the type of solvent ethanol-
water at 20% (pH 2) and solid: solvent ratio 1:30 were kept constant. 
*Equal lowercase letters mean that there is no significant difference between the 
different extracts subjected to processing in the same technology.  
**Equal Uppercase letters mean that there is no significant difference between 













(mg Cy3G/g dry weight) 
High Isostatic Pressure 
250 MPa 27.40±0.65 bCDE 
450 MPa 28.02±0.56 bCD 
650 MPa 30.69±0.53 aAB 
Dynamic high pressure 
20 MPa 23.66±1.09 bF 
40 MPa 29.17±0.58 bBC 
60 MPa 31.42±0.33 aA 
Static Maceration 
0.5 horas 18.81±0.66 cG 
1 hora 22.75±0.25 bF 
1.5 horas 25.97±0.08 aE 
2 horas 26.29±0.47 aDE 




Table 16: Content of phenolic compounds in purple corn cob extracts obtained at 
25 ° C in processes by high isostatic pressure in three minutes-varying pressures, 
by dynamic high pressure varying pressures and by static maceration varying 
times. In all the processes temperatures were varied and the type of solvent 
ethanol-water at 20% (pH 2) and solid: solvent ratio 1:30 were kept constant. 
 
Process Variable 
Content of phenolic 
compounds (mg GAE/g 
dry weight) 
High Isostatic Pressure 
250 MPa 46.23±1.31 bG 
450 MPa 47.51±0.38 bG 
650 MPa 69.92±3.60 aB 
Dynamic high pressure 
20 MPa 74.86±2.59 cB 
40 MPa 93.66±1.58 bB 
60 MPa 138.02±0.00 aA 
Static Maceration 
0.5 horas 46.75±1.39 bFG 
1 hora 49.37±0.82 bEF 
1.5 horas 54.16±1.45 aDE 
2 horas 48.66±0.01 aEF 
2.5 horas 56.63±1.5 aCD 
*Equal lowercase letters mean that there is no significant difference between the 
different extracts subjected to processing in the same technology.  
**Equal Uppercase letters mean that there is no significant difference between 















Table 17: Content of phenolic compounds in purple corn cob extracts obtained at 
45 ° C in processes by high isostatic pressure in three minutes-varying pressures, 
by dynamic high pressure varying pressures and by static maceration varying 
times. In all the processes temperatures were varied and the type of solvent 
ethanol-water at 20% (pH 2) and solid: solvent ratio 1:30 were kept constant. 
*Equal lowercase letters mean that there is no significant difference between the 
different extracts subjected to processing in the same technology.  
**Equal Uppercase letters mean that there is no significant difference between 












Content of phenolic 
compounds (mg GAE/g 
dry weight) 
High Isostatic Pressure 
250 MPa 85.85±1.05 aB 
450 MPa 85.96±3.91 aB 
650 MPa 80.70±3.64 aB 
Dynamic high pressure 
20 MPa 97.64±3.41aA 
40 MPa 84.76±3.19 bB 
60 MPa 96.82±2.50 aA 
Static Maceration 
0.5 horas 49.21±0.58 cD 
1 hora 49.49±1.75 cD 
1.5 horas 59.69±1.85 bC 
2 horas 59.86±2.08 bC 





Table 18: Content of phenolic compounds in purple corn cob extracts obtained at 
65 ° C in processes by high isostatic pressure in three minutes-varying pressures, 
by dynamic high pressure varying pressures and by static maceration varying 
times. In all the processes temperatures were varied and the type of solvent 
ethanol-water at 20% (pH 2) and solid: solvent ratio 1:30 were kept constant. 
*Equal lowercase letters mean that there is no significant difference between the 
different extracts subjected to processing in the same technology.  
**Equal Uppercase letters mean that there is no significant difference between 









Content of phenolic 
compounds (mg GAE/g 
dry weight) 
High Isostatic Pressure 
250 MPa 85.05±1.77 bB 
450 MPa 84.02±2.05 aB 
650 MPa 95.21±0.45 aA 
Dynamic high pressure 
20 MPa 83.43±1.82 aB 
40 MPa 67.83±3.70 bC 
60 MPa 55.77±0.77cD 
Static Maceration 
0.5 horas 49.01±1.52 cD 
1 hora 49.73±0.96 cD 
1.5 horas 50.24±0.23 bcD 
2 horas 54.70±1.64 bD 






D.1. Visual appearance of purple corn cob extracts after the process with HIP at 250 MPa, 450 MPa and 650 MPa and 






















D.2. Visual appearance of purple corn cob extracts after the process with DHP at 20 MPa, 40 MPa and 60 MPa and 






















E.1. Calibration curve for FRAP (Ferric Reducing Antioxidant Power) 
 
 















Curve Name Curve Formula A B R2 
























E.2. Calibration curve for ORAC (Oxygen Radical Absorbance Capacity) 
 
 
















Curve Name Curve Formula A B R2 





























F.1. Chromatograms for the conventional extraction at 2.5 hours and 65°C 




Figure 30: Mass Chromatogram for conventional extraction 
F.2. Chromatograms for the process of high isostatic pressure at 650 
MPa/65°C/3 minutes 
Figure 31:MS Chromatogram for the process of high isostatic pressure 
Figure 32: Mass Chromatogram for the process of high isostatic pressure 
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F.3. Chromatograms for the process of dynamic high pressure at 60 
MPa/65°C 
Figure 33: MS Chromatogram for the process of dynamic high pressure  
Figure 34: Mass Chromatogram for the process of dynamic high pressure  
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F.4. Areas of the chromatographic bands obtained for the compounds 
found in the extracts of purple corn. 
Table 19: Areas of the chromatographic bands obtained for the compounds found 
in the extracts of purple corn. 
*CE (conventional extraction) for 2.5 hours at 65°C, DHP at 60 MPa/45°C and 





















Peak Compounds DHP CE HIP 
1 Unknown 199436 120026 172428 
2 Cyanidin-3-glucoside 8121862 11242858 6593593 
3 Pelargonidin-3-glucoside 2062073 2497220 1573643 
4 Peonidin-3-glucoside 5188770 6995596 4349066 




2480925 3792038 2408920 





G.1. The correlation coefficient between the main compounds in the 
extracts subjected to different technologies, non-pressurized, CE, HIP and 
DHP, at 25°C. 
 
Table 20: The correlation coefficient (“r”) between the main compounds in the 
extracts subjected to different technologies at 25°C. 
1: Brightness (L*); 2: Total anthocyanin content; 3: total phenolic compounds; 4: 
Antioxidant activity (ORAC).  
 
G.2. The correlation coefficient between the main compounds in the 
extracts subjected to different technologies, non-pressurized, HIP, DHP 
and CE, at 45°C. 
 
Table 21: The correlation coefficient (“r”) between the main compounds in the 
extracts subjected to different technologies at 45°C. 
1: Brightness (L*); 2: Total anthocyanin content; 3: total phenolic compounds; 4: 
Antioxidant activity (FRAP).  
Process at 25°C 1 2 3 4 
1  r=0.80   
2 r=0.80  r=0.94 r=0.69 
3  r=0.94  r=0.89 
4  r=0.69 r=0.89  
Process at 45°C 1 2 3 4 
1  r=0.67   
2 r=0.67  r=0.97 r=0.86 
3  r=0.97  r=0.76 
4  r=0.86 r=0.76  
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G.2. The correlation coefficient between the main compounds in the 
extracts subjected to different technologies, non-pressurized, CE, HIP and 
DHP, at 65°C. 
 
Table 22: The correlation coefficient (“r”) between the main compounds in the 
extracts subjected to different technologies at 65°C. 
1: Brightness (L*); 2: Total anthocyanin content; 3: total phenolic compounds ; 4: 
Antioxidant activity (FRAP).  
 
Process at 65°C 1 2 3 4 
1  r=0.54   
2 r=0.54  r=0.45 r=0.25 
3  r=0.45  r=0.76 
4  r=0.25 r=0.76  
